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Missiles in Perspective 


COLONEL CLAUDE E. PUTNAM 


lately about missiles—both ballistic and aerodynamic—con- 
, stituting the ultimate weapon systems, about fighters and 
» bombers becoming obsolete, and even about the death of the flying 
Air Force. We must agree that missiles are welcome and compat- 
ible additions to the Air Force family of weapons, but it is in- 
cumbent on all airmen to keep them in perspective. One useful 
method for doing this is to consider factually and dispassionately 
the kinship between aircraft and missiles—where they came from 
and where we go from here—in the evolution of the military art. 


genie mere: everyone has read and heard a great deal 
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It is an incontrovertible fact that practically all important 
components of present-day sophisticated missiles had their genesis 
in the development of the airplane. These developments cover a 
span of fifty years and stem directly from the airman’s insatiable 
demand to travel ever faster, higher, and farther with payloads 
appropriate to the mission at hand. A look at the evolution of the 
essential components of all modern missiles demonstrates the 
truth of this statement, and the fundamental missile problems 
thus frame themselves in familiar Air Force patterns of ex- 
perience. 


Air Force parentage of the missile 


Guidance. The problem of guidance in flight is as old as the 
airplane. Instrument and automatic guidance techniques began 
to emerge shortly after powered flight was proved to be practical. 
A crude automatic pilot was tested by U.S. airmen at North Is- 
land before World War I. During the early 1930’s Major Bill 
Ocker pioneered the development of instruments that eventually 
made it possible for the airplane to fly through clouds. In 1929 
Lieutenant Jimmy Doolittle had made the first all-instrument 
flight inside a completely covered cockpit, from take-off to land- 
ing. It was a logical development to tie the blind-flying instru- 
ments to a workable system for automatically manipulating the 
flight-control surfaces and to enable an airplane to fly a preset 
course largely independent of human hands and brains. 

The need for a highly stable platform for the Norden bomb- 
sight of the mid-1930’s spurred development of more versatile 
automatic pilots, and the electronic autopilot provided a satis- 
factory solution to this problem. Parallel developments in radio- 
control techniques enabled remote control of this more sophisti- 
cated autopilot. The radio-controlled drone was born in the early 
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rtant 1940’s, enabling airplanes for the first time to be maneuvered and 
nesis landed without a human being aboard. These very same tech- 
yer a niques were soon applied to guided bombs during World War II, 
able e.g., the tarzon and razon. Thus we clearly see the emergence of 
oads the guidance and control systems employed in modern missiles. 
f the It is a little-known fact that “Boss” Kettering had a pilotless air- 

the plane, which could have been developed into a weapon carrier, 
lems | flying at Muroc Lake at a time that preceded the development of 

ex- the German V-1 by a very healthy margin. Higher priority pro- 


grams resulted in the abandonment of the project at the outbreak 
of World War II, but the idea and essential components were 





demonstrated. 

More recent developments include inertial-guidance tech- 
the niques, which had their inception in the Air Force Navaho in 
gan | 1946, and star-tracking techniques which were developed for the 
ical, | Air Force Snark in the late 1940’s. Also in 1946 guidance tech- 
. Is- niques employing rocket engines which swiveled on gimbals were 
Bill evolved for the MX-774, the forerunner of the Atlas missile. Ad- 
ally | vanced electromagnetic wave control techniques were conceived 
929 | in 1947 for the air-to-surface missile Rascal. Advanced swiveling 
lent ' engine control systems were developed for the surface-to-air Bo- 
ind- | marc in 1951. It is significant to note that all these developments 
tru- sprang directly from the aircraft industry and its subcontractors 
the to meet operational requirements laid down by the Air Force. 
nts Propulsion. Here again the problem is as old as the airplane. 

' The Wright brothers perfected the first practical airplane propul- 
nb- | sion system, permitting their epic flight at Kitty Hawk, North 


tile Carolina, on 17 December 1903. More advanced engines emerged 


_ _ hand-in-hand with the development of airframes that could carry 
lio- and utilize the increased powers. One need only cite the Liberty 
wed engine of World War I and the turbosupercharger of 1928 to 
ly demonstrate the Air Force’s long history of experience with pro- 


pulsion problems. Refinement of Englishman Frank Whittle’s jet 
' engine introduced the jet age to U.S. aviation. Rocket engines 
followed closely on the heels of World War II with our dramatic 
improvement in the design and thrust output of the German V-2 
rocket engine. The development of the first successful American 
large liquid rocket engine was initiated for the Air Force Navaho 
in 1946. The Navaho also spurred the development of the first 
practical ramjet engines which, after painstaking improvement, 
became the sustainer power for the operational Bomarc. 
Manned airplane applications for the rocket engine were not 
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ignored. On 14 October 1947 USAF Captain Charles E. Yeager 
blasted the Bell X-1 rocket-powered research plane through the 
sound barrier for man’s first attainment of supersonic speed, 
Major Arthur Murray in the X-1A sister ship attained the then 
unprecedented altitude of 94,000 feet in 1954. In September 1956 
Captain Milburn G. Apt took the X-2 to a speed of 2178 miles 
per hour before structural failure cost him his life. This aircraft 
had previously established an altitude record of 126,000 feet. The 
X-2 provided the first continuous throttling of high-thrust liquid. 
oxygen-alcohol engines and made important contributions to 
missilry. These spectacular achievements demonstrate how air- 
men have traditionally operated at and beyond the very threshold 
of knowledge. Another example is the Rocket Engine Advance. 
ment Program. Initiated in 1951, it has provided the basis for all 
large oxygen-hydrocarbon engine work in the United States. Fu- 
ture refinements and new developments are sure to follow. Prob. 
ably before the end of this year Captain Iven Kincheloe will have 
a look at our old planet from an altitude of some 100 miles, and 
it is no secret that the X-15 which will take him there and its fol- 
low-on aircraft will be striving for orbital speeds. 


Airframes. Airmen have been wrestling with the knotty prob- 
lems associated with obtaining required structural strengths at 
the lightest possible weights since the very inception of the air- 
plane. They progressed through the wood, fabric, and wire of 
the earliest airplanes, through the all-metal monocoque construc- 
tion of the 1920's, to the extremely efficient weight- ‘strength ratios 
found in modern missiles. They have also long been in the fore- 
front of adapting new materials—new metals ‘and new bonding 
techniques—to the peculiar requirements of the airframe con- 
struction. Solving the strength and vibration requirements for 
transonic flight and progress made toward developing heat-re- 
sistant materials for operational speeds close to the heat barrier 
attest to the success of their endeavors. Indeed in this area it 
appears that we may have approached the practical ultimate in 
strength of materials. Experts state that no important advances 
have been made in developing new materials during the past ten 
years. Rather the advances have been in ingenious design and 
fabrication techniques, which of course have largely stemmed 
from the airframe industry. Work on the MX-774, initiated in 
1946, and its successor the Atlas in 1951, provided the basis for all 
ultra-lightweight tank structures employed in modern missiles. 

General Orval Cook, President of Aircraft Industries Associ- 
ation, disclosed recently that there are 43 Department of Defense 
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missile projects now under development or in production; and in 
every missile the aircraft industry supplies the airframe, propul- 
sion, guidance system, or a major component. To do this, it 
draws on the same hard-won and laboriously accumulated reser- 
voir of scientific and technical knowledge that brought manned 
aircraft to their present advanced state, as well as on the one- 
hundred-million-dollar production facilities which the industry 
has built for the ballistic missile alone. All told, the aircraft in- 
dustry has spent a billion dollars on research and test facilities 
since World War II and plans to spend another billion during the 
next five years. Airmen everywhere should keep these facts in 
mind as a partial but telling answer to the question of where the 
modern American missile came from. 


Concepts of Employment. The foregoing has attempted to 
demonstrate how the development of missiles is a natural evolu- 
tion from the airman’s quest for greater speeds, ranges, and alti- 
tudes. The concept for the operational employment of these new 
weapons likewise finds the airman in a familiar environment, 
backed by years of experience with the subtle problems involved. 
The resources, skills, and techniques for the production of neces- 
sary target data have long been available in the Air Force. Calcu- 
lations of required weights of effort to achieve acceptable proba- 
bilities of success, problems of reaction times, and the complex 
timing of world-wide operations to attain maximum tactical ad- 
vantages are familiar exercises to the airman. Another prerequi- 
site to successful missile application'is reconnaissance—prestrike, 
poststrike, and follow-on surveillance. In this important field the 
airman has been active since the first utilization of the airplane 
as a military instrument. He has evolved techniques for prehostil- 
ity reconnaissance, postattack damage assessment, and data proc- 
essing which exist nowhere else. Of course the capabilities to 
employ long-range missiles have resulted in new requirements in 
this field, such as refinements in the geodetic datum plane and 
investigations of gravitational anomalies. The Air Force has long 
had an active interest in these studies. 

Airmen pioneered and refined concepts of the three-dimen- 
sional and global nature of modern warfare. Strategic bombard- 
ment of vital elements of an enemy’s heartland to end his capabil- 
ity to conduct effective military operations was conceived by 
forward-looking airmen. The possibility of a counter-nation—as 
distinguished from a counter-force—strategy was early recognized. 
These concepts are entirely compatible with the nature of missiles. 

The Air Force concept for the operational employment of 
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missiles is that they will be assigned specific tasks in emergency 
war plans just as soon as they have demonstrated a reliable capabil- 
ity to perform a given task better than the older weapon system 
which they replace or supplement. This inevitably means that 
we will have an evolutionary rather than a revolutionary change 
in concept. The first strategic missiles will be directed against 
relatively soft, heavily defended targets where extreme accuracies 
and yields are not stringent requirements and where fast reaction 
times and invulnerability to enemy defenses are important. The 
smaller, harder targets will still be left to the manned bombers, 
which can destroy them more efficiently. 

As future developments in missiles improve their reliability, 
accuracy, and yield, they will be programed against targets that 
are consistent with their capabilities at any particular point in 
time. As for tactical missiles it appears that their inherent inflexi- 
bility must be complemented by the flexibility of manned air- 
planes for as far as we can see into the future. Defensive missiles 
will provide a powerful addition to the capability to defend against 
air attacks, but for a considerable period into the future they will 
complement the manned interceptor. Surface-to-air missiles can- 
not operate beyond contiguous radar coverage. On the other hand 
manned interceptors with their own airborne radars can perform 
effectively against targets that have been spotted by early-warning 
techniques but that have not yet entered the zone where con- 
tinuous radar tracking is possible. 


complementary nature of the missile 


Missile applications fit quite naturally and logically into the 
framework of the traditional Air Force roles and missions. This 
is not to say that the airman fails to recognize the formidable 
problems involved in integrating operational missile systems into 
the active inventory. The Air Force is charged with the grave re- 
sponsibility for maintaining an ever-ready combat capability that 
can be put into action literally on only moments of notice. Our 
offensive forces must be capable of instant retaliation in the event 
of attack. This is the deterrent to war which is the cornerstone of 
our national policy. Our defensive forces must be ready every 
minute of every day to inflict maximum attrition on enemy at- 
tacking forces. Any gaps in these capabilities caused by faulty 
phasing of new weapons into the active inventory could well be 
fatal. Likewise a failure to maintain continuously a force struc- 
ture that embodies the proper balance between offensive and de- 
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fensive capabilities and the required degree of flexibility could 
have disastrous consequences. 

These considerations suggest two important conclusions: 
First, that for an indeterminate period the Air Force will have a 
mixed complement of more or less conventional manned vehicles 
and unmanned and manned missiles. The inherently limited 
flexibility of missiles must be offset by the more flexible manned 
airplanes, and programs must be implemented in such a way that 
missiles are integrated without creating even a temporary hiatus 
in our day-to-day combat capability. 

The second conclusion stems directly from the first: The 
commander charged with the operational control of this mixed 
system has a tremendous responsibility as well as some tough 
problems. His judgment in determining how best to employ the 
most effective combination of manned airplanes and missiles in a 
given situation will be of crucial importance. He should be ac- 
corded an appropriate freedom of action in determining when an 
older weapon system becomes obsolete and when a new weapon 
system achieves all the necessary prerequisites for being phased 
into the active inventory. He must also have at his disposal the 
vast communications and control facilities to enable him to con- 
duct operations on a global basis. And perhaps most important, 
he must be able to draw freely and almost automatically on a 
broad background of experience in three-dimensional global war. 


human factors 


The adaptation of man to the new and still somewhat mysteri- 
ous environment high above the surface of the earth has pro- 
ceeded along with other aeronautical advances. As soon as it was 
discovered that it is cold up there and that keen eyesight and 
certain psychological attributes are necessary to the successful 
operation of airplanes there, the flight surgeon entered the picture 
and has been doing stalwart service ever since. The list of his 
contributions is quite as impressive as those of the propulsion and 
airframe engineers. They range from protective clothing in the 
very infancy of flight, through safety devices during World War I 
and oxygen equipment in the 1920's, to air conditioning and pres- 
surized cabins in the 1930’s. The jet age saw the evolution of 
anti-G suits, crash helmets, and continuous refinements in the 
earlier equipment. 

The flight surgeon’s exhaustive investigations into the physics 
of the upper atmosphere and man’s physiological reactions to this 
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hostile environment furnished a sound foundation for the develop. 
ment of the equipment required to enable man to probe the limits 


of the sensible atmosphere and to invade space itself. Air Corps _ 


Captains Orvil A. Anderson and Albert W. Stevens set the world’s 
altitude record of 72,395 feet in a hermetically sealed balloon on 
11 November 1935. They were followed in 1957 by Major David 
G. Simons who attained a height of 102,000 feet and stayed above 
100,000 feet for almost 24 hours. 


Current Aeromedical Laboratory studies involve such prob- | 
lems as weightlessness and its nutritional, circulatory, and psycho- 


logical implications. Their people are also investigating the effects 
on the human being of confinement in a small container for the ex. 
tended periods which space flight will involve, as well as shielding 
against cosmic rays and nuclear radiation. Air-conditioning re- 
quirements to counter the blistering heat of the ionosphere have 
received intensive attention. Colonel John P. Stapp’s widely pub- 
licized experiments on the tolerance of the human body to acceler- 
ation and deceleration constitute important contributions. 


Wuat should all this suggest to the airman? The answer seems 
quite clear: Man is headed for outer space, and the missile is just 
another step in the long process of evolutionary development 
which will allow him to get there. Just as the evolution of the air- 
plane furnished the basic technology for the missile, so will the 
art of missilry make important contributions to the development 
of the space vehicle. This is not to imply that the airman will in 
any way disparage the military implications of the missile or fail 
to continue its vigorous development and improvement to achieve 
the benefits of its maximum capabilities. It is to suggest that while 
doing these things to the best of his ability he should direct his 
aspirations toward the higher achievements and never lose sight 
of the farther horizons. This is part of the tradition and heritage 
of the airman. 

There is indeed something symbolic about that dead dog 


hurtling overhead at the fringes of outer space which should be | 
portentous for all airmen. Relatively soon it will be replaced , 
by a live human being with a very conscious mission in mind, and [ 


the end is not yet in sight. Technology is rapidly reaching for the 
moon, Mars, and Venus, and the mysteries of our universe are 
sure to unfold. This is a dazzling prospect for the airman and a 
magnificent duty for the Air Force, for which it is soundly pre- 
pared by virtue of the building blocks painstakingly and labori- 
ously accumulated during fifty years of progress. 


Air War College 








ate 
fun 
wea 
ised 
tive 
inte 
affo 
Yet 
in 
pov 
SA‘ 
bla 
tiol 


nor 
as § 
cus 
dey 
Ge 


-ems 
just 
nent 
-alt- 

the 
nent 
ll in 

fail 
ieve 
hile 
his 
ight 
tage 


dog 
1 be 


aced | 


and 
the 
are 
id a 


pre- 
ori- 








Missilemen—Present and Future 


COLONEL ALLEN W. STEPHENS 


Staff, he once laid before the Congress and the taxpayers 


WV sue General Nathan Twining was Air Force Chief of 
a new military fact of life that cannot be circumvented: 


In the past, we have kept modern by replacing obsolete and 
obsolescent aircraft and associated equipment with newer models 
of the same general type. In other words, we have gone down one 
road. Today as we develop and prepare to introduce guided mis- 
siles into our primary combat units, we have no choice but to go 
down two at the same time. 

The introduction of missiles causes this kind of difficulty with 
all three services, but it is a particularly acute problem for the Air 
Force. Development and introduction of guided missiles into each 
of our major force areas must be done in order to gain the tremen- 
dous advances in strategic, air defense and tactical weapon capa- 
bilities that missiles provide. 


General Twining’s testimony before the members of the Sen- 
ate Appropriations Committee was in the nature of a plea for 
funds to sustain the entire Air Force program, including research, 
weapons, equipment, facilities, and people. His proposition prom- 
ised to be inescapably expensive, but there is obviously no alterna- 
tive to the “dual road” responsibility of the Air Force. With 
international tensions continuing as they are, the Air Force cannot 
afford to drop its guard by weakening the Strategic Air Command. 
Yet the potential threats posed by Soviet scientific breakthroughs 
in missile development make it mandatory that more missile 
power go into our deterrent punch. The deterrent capability of 
SAC must be kept and improved while the Air Force goes full 
blast ahead toward development of a “Sunday punch” with opera- 
tional ballistic missiles. 

It is not my intention here to explore the political or eco- 
nomic impact of this circumstance, as fascinating and tempting 
as such a venture would be. It is necessary, however, that any dis- 
cussion of men and missiles, as we know them both today, take its 
departure from the “two road” fact of Air Force life as stated by 
General Twining. 
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His premise has the most vital significance when applied to 
the people that make up our Air Force—aircraftmen or missile. 
men. The laws of nature are such that it still takes nine months 
to produce a new-model human being. It takes a little longer to 
produce an original ballistic missile prototype. But the original 
production time for human or missile is much less than the time 
involved in teaching a new airman recruit all he must know to 
become a full-fledged missileman. 

The same has been true for a long time in training the people 
who make SAC the war-deterrent force it is today. It has been a 
giant struggle to find and train enough technicians to maintain 
and operate the complex equipment and weaponry of our B-47 
and B-52 manned-aircraft force. It has been an even greater 
struggle to keep these technicians in uniform after they are fully 
trained. 

Ralph J. Cordiner, President of General Electric Company 
and Chairman of the Defense Advisory Committee on Professional 
and Technical Compensation, had this to say about the problems 
of technology and the demand for technically skilled people in his 
report to the Secretary of Defense: 


Research, development and innovation on an expanding scale 
have become a way of life, not only in industry but in the military 
field as well. The dramatic technological changes symbolized by 
nuclear energy, electronics, supersonic aircraft and missiles systems 
are causing an explosion of change and growth in almost every 
social, political and economic institution, including the military 
establishment. . .. The Armed Forces are competing with the civil- 
ian economy for a relatively scarce resource. Technically skilled 
personnel are in great demand in this expanding, technically- 
powered economy .. . 


This competitive demand for expert technicians is the point 
of departure for any analysis of the human element and its impact 








on ¢ 
it p 


sour 


thor 
and 
pin 
fere 
rock 
plic 
of t 


dev 
rece 
ing 


col 


uni 
and 
con 
ties 























MISSILEMEN—PRESENT AND FUTURE 13 


on operational performance of unmanned ballistic missiles. And 

it prompts some perplexing questions about the missileman re- 

source: 

Where do we stand today in development of the missile- 
man? 

e What qualifications must the missileman have? 

e From what source do we get the missilemen of tomorrow? 


e How many must we have and how soon must we have 
them? 
e How long can we keep them after we get them trained? 


e What will be the conditions of service for the missileman, 
compared to Air Force life as we know it today? 


The Air Force literally has been running a carrousel, with 
thousands of trainees going round and round after one another 
and with all too many skilled and experienced technicians drop- 
ping off at the first opportunity into the more lucrative jobs of- 
fered by industry. Thus the second road promises to be at least as 
rocky as the older, well-traveled one. And there is the added com- 
plication that, at least in the beginning, the people for manning 
of both systems must come from the same existing resources. 

Lead time for training has always been a limiting factor in 
developing and employing new weapon systems, particularly in 
recent years with the rapid advance of technology and the result- 
ing complexity of modern military hardware. The problems of 
complexity and training lead time are compounded in the ballistic 
missile program because organization and training of operational 
units must proceed simultaneously with research, development, 
and testing of the missiles. Most of the missile know-how is now 
concentrated in the laboratories, production plants, and test facili- 
ties. Research, development, and testing must go on, however— 
even after the first and subsequent operational “birds” are pointed 
upward and cocked for potential firing in anger. 

To establish the earliest operational capability with ballistic 
missiles, therefore, the Air Force must breed its missilemen and 
its missiles at the same time, so to speak. Officers and men of the 
Air Force are now sprinkled throughout all contractor plants to 
learn what can be learned only by “over-the-shoulder’” training. 
Many more will be entered into training at these facilities in the 
next few months. They will work in the laboratories, on the pro- 
duction lines, and at the test sites alongside engineers who them- 
selves are still studying and experimenting with techniques of 
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rocketry, guidance, fuel systems, and the like. There is no other 
way to produce the missilemen for our initial operational units, 
There is not time to wait until the full cycle of research, develop. 
ment, and testing has been completed, as we would do normally 
with a new aircraft model. 

The most significant human limitation on operational per- 
formance of ballistic missiles, then, is the incubation time from 
no missile knowledge to perfected technical competence for the 
many missilemen we need. The Air Force is well along, after 
months of preparation, toward General Twining’s second road— 
the creation of an operational ballistic missile force. 

The Ist Missile Division was organized at Cooke Air Force 
Base, California, in July 1957 by the Ballistic Missile Division of 
Air Research and Development Command. This first-of-its-kind 
organization was given the dual mission of training Air Force 
missilemen and developing an initial operational capability with 
intermediate-range and intercontinental ballistic missiles. In July 
1957 the 704th Strategic Missile Wing was organized, also at 
Cooke, as the “incubator” unit for the first ballistic missile squad- 
rons. The plan was that ARDC would create operational units 


concurrently with development and testing of the hardware and | 
turn the fully trained units over to SAC coincident with delivery | 


of fully tested, ready-to-fire operational missiles. 

Events overtook this plan, and on | January 1958 the Ist 
Missile Division and its fledgling units were transferred to Stra- 
tegic Air Command, under the command of Major General David 
Wade, formerly Chief of Staff at SAC Headquarters. With as- 
sistance from ARDC’s Ballistic Missile Division at Inglewood, 
California, Strategic Air Command is pulling out all stops to expe- 
dite training of missilemen and to accelerate creation of the first 
operationally ready ballistic missile units. 

An IRBM training squadron has been activated at Cooke 


Air Force Base. It is the task of this squadron to supervise train- | 


ing of all IRBM units. The first two operational Air Force IRBM 
squadrons also have been activated, the 672d Strategic Missile 
Squadron (Thor) at Cooke AFB and the 864th Strategic Missile 
Squadron (Jupiter) at Huntsville, Alabama. Personnel for all 
these squadrons have been selected and are now in various stages 
of training. The ICBM training program has not progressed 
quite as far, but it will follow along in similar manner in phase 
with delivery of the first ICBM weapons to launch sites. 

In a combined effort with the missile contractors and the 
Ballistic Missile Division of ARDC, the Ist Missile Division will 
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supervise the training of all IRBM units and will train and com- 
mand all ICBM units. The IRBM units will be deployed overseas 
by Strategic Air Command upon completion of training. Most of 
the training in the early stages will be done by the contractors in 
their plants. This is the training of individuals in the variety of 
special skills required. As soon as facilities are completed and mis- 
siles and associated equipment are delivered to Cooke AFB, unit 
training for Thor, Atlas, and Titan missiles will be accomplished 


Ballistic Missile Training Organization 
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there. Individual training on the Jupiter missile will be conduct- 
ed in part at the Army Ballistic Missile Agency at Huntsville, 
Alabama. Ultimately it is expected that a substantial portion of 
the Jupiter training will be done at Cooke AFB. 

The individual-training program has been developed to a 
large degree by the contractors concurrently with development of 
the missiles. This is standing procedure, for the design of the 
missiles and their component parts is predominantly influenced 
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by the ability of ordinary people to maintain and operate them. 

During a recent visit to the Convair plant at San Diego, Ist 
Missile Division officers asked Jim Dempsey, Chief Atlas Project 
Engineer, this question: “The general idea seems to prevail that 
all missilemen must be in the genius category—what is your view 
as to the kind of people we will have to have in our operational 
units?” Mr. Dempsey’s answer was that missilemen could and 
would be of the same ilk as those we have trained by the thousands 
in the maintenance and operation of B-47’s, B-52’s, and other mod- 
ern aircraft. He reiterated that design criteria on the Atlas and 
other missiles are oriented to personnel qualifications and limita. 
tions and that qualitative personnel requirements are being de- 
veloped jointly by the contractors and the Air Force concurrently 
with development of the hardware. In effect the missiles are being 
tailored to the man. 

It is feasible, then, that the combination of individual train- 
ing and specialized unit training as presently conceived will qual- 
ify missilemen in all the skills required for operational ballistic 
missile units. Many of these missile skills are new, while many are 
variations of other occupational specialties already existing in SAC 
and other Air Force commands. 

It is quite logical to expect that a technical sergeant Elec- 
tronic Navigation Equipment Technician (Air Force Specialty 
Code 30171) now maintaining B-47 or B-52 equipment in SAC 
can transition fairly rapidly to effective performance as a Missile 
Guidance Systems Technician (AFSC 31170B). He will require 
specialized training, of course, but his existing skill and experience 
are readily transferable to missile maintenance. 

At the outset our military missilemen of today, except for 
those associated with research and development and the few 
trained on Matadors, Snarks, and other air-breathing “‘birds,” are 
the electronics officers and technicians, the fire-control experts, 
the mechanics, and other technicians now in our inventory, most 
of whom are in SAC keeping the manned aircraft flying. ‘They are 
the best we have been able to get and keep, and they have already 
proved themselves. These trained and experienced aircraftmen, 
both in SAC and elsewhere in the Air Force, are the only im- 
mediate resource of people to be retrained into ballistic missile 
skills. 

Here, of course, we run head-on into the crucial aspect of the 
“two roads” dilemma: How can we avoid weakening our existing 
manned-aircraft deterrent force in the process of manning ballistic 
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missile units? Our only recourse is to nurse along our existing 
manned bomber and fighter force, weaning some of its offspring 
gradually to make up a nucleus for fledgling ballistic missile units. 
But for every man we take out of SAC bomber units, we must train 
a replacement—at least until ballistic missiles actually begin to 
supplement manned bombers in the SAC emergency war plan. 

Where do we find the many other missileman candidates we 
must have to build up the ballistic missile operational force? 
The answer is the same place we found the SAC men—on the 
streets, on the farms, or wherever Air Force-motivated youngsters 
come from. The missilemen of the future are the ordinary, but 
alert and trainable, young men who stop and read the recruiters’ 
signs. There is no other resource. But if they can master the intri- 
cacies of the thousands of gadgets that make a B-52 capable of 
delivering an H-bomb to Soviet targets, they can learn what they 
need to know to boost ballistic missiles off the ground and onto 
target track. 

So now we come back to the laws of nature and science. We 
can raise the manpower and we can produce the missiles. We can 
teach the men to do all the things that have to be done to count- 
down and fire the missiles. But we must have them in vast num- 
bers, and we must allow for the training lead time required to 
make them reliable and competent. 

The trick comes in keeping them once we have trained them. 
It has been difficult to hold them in uniform up to now, even with 
the traditional challenge, excitement, and satisfaction that have 
always been inherent in preparing for and taking off with a flight 
of bristling B-47’s or B-52’s. In missile units the atmosphere is 
certain to be one of even greater challenge. But the training 
launches will be much less frequent than aircraft flights, and each 
firing will be preceded by long periods of tension and strain. 
Crews will find themselves sitting at consoles and working in iso- 
lated underground facilities where everything is done by remote 
control. Boredom and monotony will be a constant companion 
except for the times when missiles are actually being fired. Mul- 
tiple-shift operations will be required to maintain a state of 
constant readiness. In many cases the men will be separated from 
their families. 

All these things will have to be overcome by an enlightened, 
new approach to the problem of individual motivations. We can- 
not afford to stand by and hope that trained missilemen will stay 
with us. We must be able to attract thousands of officers and men 
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into a missile career and keep them there for at least an eight-year 
tour. Todo so we must make their life as missilemen the best the 
country can offer. 

How do we do this? We do not know the complete answer 
yet. We do know that we cannot expect intelligent, technically 
qualified experts to submit to the privations and restrictions of a 
missileman’s life for pay that is less than they can get right on the 
same launch pad in civilian status from any one of the contractors, 
We know also that the man of missile caliber will not tolerate 
shabby, overpriced quarters for his family when he can provide 
decently for them by shucking his uniform. Nor will he submit to 
prolonged separation from his family without suitable compensat- 
ing reward. We know these things from recent and vivid experi- 
ence. 

We believe, on the other hand, there are plenty of men who 
can be motivated to follow the career of a missileman if they are 
offered conditions of service and life that measure up to alterna- 
tive civilian standards. This has been the guiding philosophy 
behind all that has been done to develop the first ballistic missile 
operational and training facility at Cooke Air Force Base. Army 
mobilization-type barracks for airmen that once housed 74 men 
have been converted into modern, highly attractive dormitories, 
with separate two- and three-man rooms. Bachelor officer quarters 
have been converted into comfortable, spacious apartment units 
that will assure young bachelor officers of value received for their 
forfeited quarters allowance. Some 880 new three- and four- 
bedroom Capehart family quarters are under construction on the 
base, with 525 more to follow. Cooke will have the Air Force's 
first three- and four-bedroom quarters for airmen—more than 600 
of them. In short, everything possible is being done to make the 
standard of living at Cooke AFB second to none and thus enhance 
the life of our first operational missilemen. 

But will these physical innovations be enough without realis- 
tic attention to the primary motivating influence on missilemen 
and their families—their economic standing? I believe they will 
not. 

The case for an improved military compensation system and 
other military career enhancements has been well documented by 
the Defense Advisory Committee on Professional and Technical 
Compensation (Cordiner Committee). It appears likely that the 
Congress will enact some kind of legislation to steepen the mili- 
tary pay curve. But there appears much less probability of legisla- 
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tion to make quarters allowances more realistic, to establish some 
form of isolation or remote-duty pay, or to bring into reality the 
other improvements recommended by the Cordiner Committee. 

If the Air Force is to build and maintain ballistic missile 
units up to the required level of operational readiness, the missile- 
man’s career must be brought up to standards more competitive 
with those available in the civilian economy. 


TuatT is for the future units. At this early stage there is great 
enthusiasm and pride among the officers and men of the Ist Mis- 
sile Division. We are charging ahead in preparation for the day 
when the first operational “bird” will stand upright and be 
counted in SAC’s emergency war plan capability. ‘Hangar flying” 
sessions produce all sorts of strange but fascinating new lingo. 
Altitude to the missileman becomes ‘“‘apogee,” peak of the missile’s 
flight path arc. Fuel is ‘propellant,’ a combination of kerosene 
and LOX (liquid oxygen). The hangar has been replaced by a 
“RIM” building, the building where the missiles will be received, - 
inspected, and maintained. 

Every man at Cooke AFB is a missileman, from the general 
commanding to the cook in the mess. It is an exciting experience 
to be traveling down General Twining’s “second road” with the 
country’s first operational ballistic missile command. 

The atmosphere is loaded with challenge for the missileman 
of the future. As Author Albro Gaul in his introduction to The 
Complete Book of Space Travel says: “The first space pilot has 
already been born. He is probably between ten and 16 years old 
at this moment...” 

The line forms to the right. 


Headquarters 1st Missile Division (SAC) 
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HE instrumentation plan for the Air Force Missile Test Center range is 
derived directly from the test requirements generated by the various 
missile test agencies. 

Before the ballistic missile programs came into being, the range in- 
strumentation plan was designed to support cruise missiles (formerly called 
aerodynamic missiles) such as the Matador, the Snark, and the Navaho. 
Thanks to geography and the cooperation of the down-range governments, 
a chain of island stations provides continuous corridor coverage of telemetry, 
radar, and command /destruct frequencies for the first 1400 miles of missile 
flight. Throughout the next 2800 miles the only coverage is telemetry ob- 
tained from six picket ships spaced at equal intervals along the flight path. 
Instrumentation based on Ascension Island, 4400 miles from Cape Canav- 
eral, provides land-based coverage of telemetry, radar, and command /de- 
struct frequencies for the last few hundred miles. Throughout this distance 
there are specified impact areas for the various cruise missiles. This range 
has been used in its entirety, the first missile to go the full route being the 
Snark flight of 31 October 1957. 

Beginning in 1955 the influx of ballistic missile programs brought 


about a major change in the concept of range planning. Within a few 
months test requirements were received for the Thor, Jupiter, Polaris, Van- 
guard, Atlas, and Titan programs. For the testing of these missiles there 
would have to be down-range facilities to accommodate ballistic missiles 
with ranges varying from a few hundred miles to five thousand miles. Nor 
was variation in distance the only problem. Unlike the cruise missiles, which 
can be maneuvered close to the chain of down-range islands, the ballistic 
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missile must take a straight path from launch to impact. After leaving the 
mainland of Florida the missile is at all times several hundred miles or more 
from the nearest instrumented station. These great distances from the track. 


ing stations, coupled with the high velocities inherent in ballistic missiles, 


present unusual problems in range instrumentation. 
To analyze these problems, we can quite logically divide the ballistic 
missile trajectory into three portions: 


® The powered-flight portion—from launch to burnout 


@ The mid-course portion—from burnout to re-entry into the at- ~ 


mosphere 


@ The terminal portion—from re-entry to impact. 


Looking at each portion in turn, we can review the major test requirements, 
the purpose of the requirements, and the AFMTC instrumentation plan for 
meeting the requirements. 


powered flight 


In the powered-flight portion there is the requirement to determine 
with extreme accuracy the position of the missile at all times. These data 
are needed to establish the shape of the ascending portion of the trajectory. 

To meet this requirement, Cape Canaveral has an overlapping sequence 
of optical and electronic equipment. For the first few thousand feet of 
missile rise, fixed plate and tracking cameras, as well as tracking radars, 
provide coverage. Then beginning at a few thousand feet after launch and 


Central Control at Cape Canaveral is the nerve center of the AFMTC missile test 
program. In addition to the administrative offices, the building houses the air 
operations room. For all missile flights this room coordinates and controls range 
instrumentation, clearance to fire, range safety, and continuous display in real- 
time of the missile’s position and point of impact in event of fuel cutoff. Equip- 
ment on the roof, from right to left: a communications antenna, a helical telemetry 
tracking antenna, a Gabriel command / destruct antenna, a CPS-5 surveillance radar 
antenna, two SCR-584 Mod II radars, and communications and timing antennas. 
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Whether a missile test is successful or not, 








mine the missile’s azimuth, altitude, and attitude 
data must be known second by second after 
ory. launch. One reliable tracker is the Mod II 
ence radar, which with the boresight camera 
t of (1) has an angle-data accuracy of 1 mil. For 
dars, the first few hundred feet of missile flight, 
and radar tracking is hampered by ground 

clutter and multipath. With the Navy 

MK-51 gun director (2) modified as an op- 

tical tracking aid to the Mod II radar, 
- test early tracking can be done visually. High- 
2 air speed recording of azimuth and elevation 
ange scale data is provided by Askania cine- 
veal theodolites (3), as well as position of tar- 
]uip- get with respect to direction of aim. Sev- 
retry eral, synchronized in timing, photograph 
adar the flight from different positions at frame 






nas. | tates up to four per second. Triangula- 
tion of these films provides the missile’s 
position. Cine-theodolites are dispersed in 
seven towers on the Florida coast. Each 
tower (4) has a power-driven astrodome, 
timing, electronic control, darkroom, and 
air-conditioning equipment. Other cover- 
age is provided by the CZR-1 ribbon-frame 
camera on a 3-axis gimbaled mount (5), tak- 
ing I-by-5-inch pictures at 30, 60, 90, or 
180 frames per second. Measurements of 
the position of the missile frame by frame 
and comparison with synchronized pictures 
taken at other sites reveal the missile post- 
tion, velocity, acceleration, and attitude. 

























continuing to burnout and even beyond, several electronic tracking systems 
are available. Three of these systems will be discussed. 

One such system is Dovap (Doppler Velocity and Position). This is 
based on measurement of the Doppler shift, made possible by a law of 
physics that the wave length of emissions from an object appears to grow 
greater or less as the object approaches or recedes in relation to an observa- 
tion point. Just as the rate of approach and recession of a distant star may 
be determined by the Doppler shift in the visible spectrum of the star and 
just as the approach or recession of a locomotive may be determined from 
its whistling by the Doppler shift in an audio frequency, so also may the 
component of velocity of a missile toward or away from a receiver site be 
measured by the Doppler shift in a radio frequency. Three or more receiy- 
ers are required in order to obtain the absolute velocity. One initial position 
on the trajectory must be obtained by some other method, such as ballistic 
cameras. Having an initial point and the velocity, the shape of the trajec- 
tory can be established. 

Another electronic tracking system is the Azusa. This device measures 
two direction cosines and slant range. From these data the missile’s position 
can be computed. It operates on the principle of phase comparison. Slant 
range is measured by the phase difference between the transmitted signal and 
the transponded signal received frém the missile. Direction cosine is meas- 
ured by the phase difference between signals received from the missile at 
antennas located at the ends of a base line of known length. An Azusa 
system is located at Cape Canaveral and a second system is planned for 
down range. 

The Dovap and Azusa systems are now the workhorses of the AFMTC 
range. Under development is a system of great promise known as Secor 
(Sequentially Correlated Ranging). This, in principle, is a very simple 


On the Florida mainland there are four Dovap receiver stations, one of them shown 
at the left below. At the right of the photo is the 3\-turn helix antenna that 
gathers a signal from the missile-borne transponder. The signal is recorded at 
this site with 15-bit range timing and reduced at Patrick AFB to yield precision 
data on velocity and position. Stmilar Dovap receiver antennas also operate 
down range, as the one shown at lower right on Walker Cay in the Bahama Islands. 
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The Azusa tracking station at Cape Canaveral (left) has eight 4-foot parabolic an- 
tennas on two mutually perpendicular base lines. At the center is a conical scan 
direction-finding antenna. The system measures two direction cosines and range. 
The two cosine reference antennas are on the right and in the foreground. The 
coarse direction cosine antennas are immediately adjacent to these, the fine direc- 
tion cosine antennas on the other end of the line. The transmitting antenna is 
on the far extension of the fore and aft line. The Secor system is shown (right) 
at its field test site. The helical antenna at left is the standard Secor antenna. 


device. If, from a point in space, distances can be measured precisely to 
three points of known geographical position, that point in space can be 
fixed. Although three stations will furnish a position, the Secor system at 
AFMTC utilizes four stations for redundancy and to ensure that three sta- 
tions will be on while the station change-over is made. The planned Secor 
chain will consist of 10 stations dispersed along the trajectory from back of 
launch to beyond burnout. As the missile rises from the launch pad, the 
four stations on the Florida mainland will acquire the missile. As the missile 
progresses down range, the change-over process will cause the missile to give 
up the rearmost station and pick up one ahead. This leapfrogging is con- 
tinued until burnout is reached. 

Another requirement in the powered-flight portion is to obtain the 
velocity vectors to a high degree of precision. These data are needed to 
provide an independent determination of the azimuth and elevation track- 
ing errors associated with the guidance system. 











Essentially the same equipment is used for velocity measurement ag_ 
was mentioned in connection with position measurement. The two functions. 
of position and velocity are related by the element of time. Precise timi 
signals are transmitted from the timing central to the instrumentation — 
systems. 

A special case of velocity measurement is presented by the satellite pro. — 
grams. When the rocket bearing the satellite has ascended to altitude, it — 
is necessary to determine the exact instant when vertical velocity is zero, 
At that moment the path of the missile is parallel to the earth’s surface, — 
This is the proper time to fire the final stage, thus placing the satellite into 
orbit. 

So far in this discussion of the powered-flight portion of the trajectory, © 
the requirements for position and velocity data have been mentioned. A third © 
major requirement is to provide in-flight photographic surveillance for the — 
purpose of observing such phenomena as the flame, structural integrity, — 
tumbling, and staging. To meet this requirement, the AFMTC has developed 
a Roti (Recording Optical Tracking Instrument). Roti is a reflecting tele- 
scope of the Newtonian type. It has a focal length ranging from 100 to 500 




















inches in increments of 100 inches. The aperture is 24 inches. Just how 

far Roti will see these phenomena is a function of missile coloration, illumi- lax- 

nation, and visibility. The system was designed to obtain such data up to a diai 

range of 200 miles. Experience thus far has confirmed the design objective. tur 
A special problem in the powered-flight portion is flame attenuation. fror 

The chemical process in the combustion of some fuels in long-range ballistic rect 

missiles yields, as a temporary by-product, free electrons. These are ex- of a 

pected to be present in such density that they cause severe attenuation of 

electromagnetic propagation. It is therefore advantageous to avoid viewing 

the missile through its cone of combustion gases. To achieve a better view- 

ing angle the AFMTC has dispersed its radar, telemetry, and command /de- _ 

struct equipment along 160 miles of the east Florida coast, from Spruce 

Creek on the north to Jupiter Inlet on the south. 
Finally, in the powered-flight portion, a requirement exists to protect ‘ 

life and property against hazards arising from missile test activities. An — 





errant missile could jeopardize the mainland, the down-range islands, or even 
go so far astray as to fall undetected. To control the point of impact, AFMTC mid 
has developed a comprehensive range safety system. This system consists 
of two categories of equipment. The first contains those devices used to 


detect, during the first few thousand feet of missile rise, the changes in the ae 
velocity vectors. These changes are compared with the programed changes. hat 
If they exceed previously selected limits, the flight-termination system will 
be activated. Historically this category of equipment has progressed through pare 
the simple wire sky-screen, the optical sky-screen, the electronic sky-screen, she. 
the tracking radars, and, most recently, closed-loop television. These instru- well 
ments are used to confine an initially errant missile to the vicinity of the ih 
launch area. AF) 
For missiles that become errant after the launch phase an impact pre- ~— 
dictor has been developed. This consists of three devices: a tracker, a Cen 
computer, and a display. The Azusa is used to determine the six parameters Seen 
of position and velocity. An IBM-704 general-purpose digital computer is dish 


used for calculating what the position of impact would be if thrust were 
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lax-computation network. Roti includes 
diameter and with 100-inch focal length. 


turret-mounted lens transfer system that can change the effective focal length 
from 100 inches to as much as 500 inches in 100-inch increments. Roti obtains 
recorded images of missiles at slant ranges of up to 200 miles. At right is a photo 
of a Thor taken by Roti from a distance of 35 miles with the 500-inch focal length. 






Another device used to track ballistic 
missiles in flight is the Roti MK II (Re- 
cording Optical Tracking Instrument). 
This is a large tracking telescope with 
local aided tracking controls and re- 
mote positioning from range radars 
through a data-transmission and paral- 
a Newtonian telescope 24 inches in 
The primary image is re-imaged by a 

















has been designed to withstand winds up to 135 knots. Qne antenna will 


terminated instantaneously, necessarily considering a rotating earth and the 
applicable laws of gravity and motion. By use of this real-time display of 
the impact point the range safety officer may with confidence delay destruct 
action until a safe area is reached. 


mid-course flight 


The requirements mentioned so far have dealt with the powered-flight 
portion only. The second portion is mid-course. Relatively speaking, this 
is the simplest portion of the trajectory. Only three of its requirements will 
be mentioned. 

The first is to receive and record the telemetered internal performance 
parameters, such as fuel flow, fuel cutoff, skin temperature, missile attitude, 
etc. This requirement exists in the powered-flight and terminal portions as 
well as the mid-course. Telemetry reception is a must from the time the 
missile is standing on the launch pad until it impacts into the ocean. The 
AFMTC plan is to use standard and high-gain antennas on land, supple- 
mented by picket ships and aircraft near the impact area. The Missile Test 
Center has developed an automatic-tracking, high-gain, parabolic-dish an- 
tenna of Kennedy design with a gain of 28 decibels above isotropic. The 
dish is 60 feet in diameter and mounted on a 400-ton concrete pedestal. It 








Aside from the external coverage of 
missile test flights provided by ra- 
dar, cameras, and recording tele- 
scopes, there is the equally impor- 
tant requirement of picking up the 
data telemetered from the missile 
throughout its flight. This is the 
job of the antennas shown here: left 
above, the 7-turn helical telemetry 
receiving antenna, with a frequency 
range of 215-245 megacycles, a gain 
of 7-10 decibels, a beam width of 
45°, normally used at all telemetry 
receiving stations where moderate 
gain is acceptable. Right above, the 
tri-helix telemetry receiving anten- 
na, frequency range 215-245 me, 
gain 15-17 db, beam width approxt- 
mately 20°, normally used at telemetry receiving stations where high gains are 
necessary. Left, the high-gain, automatic-tracking telemetry receiving antenna, 
frequency range 215-245 mc, gain 28 db, beam width approximately 4°, polariz- 
tion right-hand circular, installed at 4 stations to cover ballistic missile trajectory. 
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be located at Cape Canaveral, one at Antigua, one at Fernando de Noronha, 
and one at Ascension Island. 

Another requirement during mid-course is to determine a series of 
position points following burnout. These data are required in order to com- 
pare the trajectory as actually flown with the theoretical trajectory as derived 
from known physical laws. To meet this requirement, ballistic cameras are 
used in pairs at the end of a known base line. The spatial orientation of the 
optical axis of each camera is determined by reference to the stellar back- 
ground, which is recorded on the plate along with the flashing light from 
the missile. 

The intensity of the gravity field must be known throughout mid-course. 
This information is necessary because the ballistic missile responds to the 
acceleration of the earth’s gravity just as does any other free body in space. 
Since the gravity field varies from point to point on the earth’s surface, it 
must be measured. Approximately 25,000 miles of submarine track have 
been logged during the past year for gravity measuring operations. These 
data are corrected to the earth’s surface, then extrapolated to missile altitude. 


terminal flight 


The third or terminal portion of the trajectory is comprised of re-entry 
into the atmosphere and impact into the ocean. The shape of the trajectory 
and the impact position are requirements in this terminal portion. 

To establish the descending portion of the trajectory, several instru- 
mentation devices are used. When the missile is several hundred miles up 
range from the impact point, it will be acquired by Cotar (Correlation Track- 
ing and Ranging). This is a tracking system almost identical to Azusa. It 
measures two direction cosines and slant range by phase-comparison tech- 
niques. Though less accurate than Azusa, it is omnidirectional, which is an 
asset during the terminal portion. Also the Cotar will act as an acquisition 
device for placing the long-range, monopulse AN/FPS-16 radar on target. 
Both the Cotar and the radar will track to impact into the ocean. 


THE test requirements that have been outlined are by no means all of them. 
There are a multitude of lesser ones. Also each missile program has its own 
numerous requirements peculiar to that particular program. The test require- 
ments mentioned here are the major ones and are representative of the 
problems to be overcome in instrumenting a ballistic missile test range. 


Air Force Missile Test Center 
















The USAF 


Reports to Congress 
A Quarterly Review Staff Report 


N AuGust 1957 the Soviet Union announced that it had an intercontinental 
I ballistic missile. This claim created a ripple of interest. Reactions varied 
from mild alarm to scepticism. Two months later, in October, came the big 
shock. The Soviets put into orbit around the earth a satellite vehicle weigh- 
ing 184 pounds. One only had to watch the night sky at the appointed time 
or tune in on the proper short-wave frequency to have proof of the basic fact 
that the satellite was there. The international debris was still settling a 
few weeks later, in November, when the second Russian satellite arced into 
orbit—this time one weighing 1100 pounds and carrying a live dog. 

December sharpened the dismay of the free world when the U.S. Navy's 
much-publicized Vanguard rocket collapsed on take-off and its small, shiny 
satellite lay amidst the wreckage on the launch pad. January 1958 brought 
the first ray of sunshine. The Army succeeded with its Jupiter-C test vehicle, 
and the first American satellite was in orbit—apparently better instrumented 
than the Russian ones but at 30 pounds a meager payload in the face of the 
Russian achievements. 

In the United States public debate has been troubled and points of 
view have been many and varied. Still, out of the welter of opinion two facts 
have emerged as incontrovertible: 


e the Soviet Union has gained a major technological and propaganda 
triumph through the launching of the first earth satellites; 


e the state of the art which they represent constitutes an urgent tech- 
nological and military challenge to the United States. 


Estimates vary as to the relative positions in the race of the Soviet Union 
and the United States, from the more pessimistic ones of our being five to 
two years behind the Russians to claims that we are neck and neck. But 
since the first two sputniks no responsible voice has claimed that the United 
States is clearly in front. For impressive as the satellites themselves may be, 
behind them lurks the ever more impressive military implications of the 
powerful missiles that put the big satellites into orbit. 

Of the many responses triggered by this situation one of the most im- 
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portant has been the inquiry into the status of the U.S. missile and satellite 
programs by the Preparedness Investigating Subcommittee, a standing sub- 
committee of the Committee on Armed Services of the United States Senate. 
Members of the subcommittee under the chairmanship of Senator Lyndon 
B. Johnson of Texas are Senators John C. Stennis (Mississippi), Stuart P. 
Symington (Missouri), Leverett Saltonstall (Massachusetts), Ralph E. Flan- 
ders (Vermont), Estes Kefauver (Tennessee), and Styles Bridges (New 
Hampshire). More popularly known as the Johnson Committee after its 
chairman, the subcommittee has been holding extensive hearings in an effort 
to determine what needs to be done to bolster the missile program and the 
related research and development programs on space vehicles and space 
weaponry. 

In his opening statement Senator Johnson expressed his belief that the 
facts the hearing might disclose would not “invite our people either to a 
siesta or to a hysteria” but that they would “inspire Americans to the greatest 
effort in American history. And this committee seeks only to determine 
what can be done, what must be done now and for the long pull.” 

Many of the views expressed by leaders of the United States Air Force 
in response to the questions of the subcommittee members and their Chief 
Counsel, Mr. Edwin L. Weisl, are of absorbing interest and importance to 
airmen. From the thousands of words of testimony the Editors of Air Uni- 
versity Quarterly Review have selected representative passages and statements 
bearing on certain prominent issues of immediate concern to professional 
understanding. These passages have been chosen wherever they were found 
throughout the unclassified portions of the testimony and have been as- 
sembled into a continuity with a minimum of summary in.the hope of fairly 
representing the opinions of our own leaders on these topics of professional 
concern: the status of our Air Force programs, the quality of our incoming 
weapons, and our march forward into new weapon systems that bear on the 
exploration and the control of space. 

The cited remarks are in most instances brief selections from larger 
blocks of direct testimony in the verbatim give-and-take of the questioning. 
To preserve both flavor and authenticity, editing has been limited to the 
process of selection in view of the space available and the voluminous tran- 
script of the unclassified statements made during the sessions of 17 December 
1957, and 8 and 9 January 1958. Only Air Force testimony is included. 


First Priority—Maintain the Deterrent Force 


The anchor view of the USAF testimony was an absolute need for a 
force capable of certain counterattack under which no enemy might hope 
to profit from his war or find victory in sudden attack. This force is the 
Strategic Air Command. At present its strength is in the manned bomber 
forces, which are, in professional opinion, currently quite capable of per- 
forming the counterattack mission. Missile forces are beginning to phase 
into the Strategic Air Command to supplement the manned bombers and 
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diversify the counterattack capability. Ultimately astro forces will phase in 
for manned operations in space. But whatever weaponry and combinations 
of bombers, missiles, and spacecraft the Strategic Air Command may assume 
from year to year, its deterrent force must be kept strong year in and year 
out. It cannot be allowed to peak and slump as the new weapons and capa. 
bilities phase in and older weapons phase out of its operational units. This, 
said Lt. General Donald L. Putt, Deputy Chief of Staff for Research and 
Development, USAF, “‘it is essential that we do. . . we have got to take care 
of today’s deterrent force. We have also got to do the things that need doing 
today so that when we get to tomorrow we have not slipped back then.” 

General Curtis E. LeMay, Vice Chief of Staff, USAF, concurred and 
commented on the ultimate superiority of manned systems in air-space war- 
fare. In response to Committee Counsel: 

Mr. Weisl. “Do you believe that our manned bombers with nuclear 
weapons today constitute the major military deterrent against Soviet aggres. 
sion and our major weapon system of retaliation?” 

General LeMay. “I don’t think there is any doubt about that, Counsel. 

“That is true.” 

Mr. Weisl. “How long have we got to keep that strength?” 

General LeMay. “It is rather difficult to pick out a definite date when 
we could absolutely say that unmanned vehicles or weapon systems would 
take over the mission now performed by the manned vehicle. 

“I expect it to be a gradual transition, and I have serious doubts whether 
we will ever see the time when there will be no manned vehicles in our 
weapons inventory. 

“I believe that there will always be a place for them, and while they may 
not look like the airplanes that we now operate, they will be manned weapon 
systems nevertheless, and I think any force that has manned weapon systems 
at its disposal will certainly have the advantage over one that chose to go 
to an unmanned system.” 

Secretary of the Air Force James H. Douglas agreed: ‘“Today, our 
principal concern is to maintain the military strength which provides an ef- 
fective deterrent against an aggressor. . . . The Strategic Air Command is a 
main element of our deterrent force. With the swiftly moving technological 
development the maintenance of a deterrent force has required a rapid suc- 
cession of new weapons, with the old phasing out as the new are phased in. 
SAC, for example, since World War II has gone successively from the B-29 
to the B-50; B-36; B-47 and now to the B-52. Each one of these weapons fol- 
lowed a familiar evolutionary pattern—a first phase of limited operational 
usefulness caused by exasperating mechanical failures, a second phase of 
weapon maturity with improvements designed to increase effectiveness, and 
a third phase of gradual obsolescence as a more advanced weapon system be- 
came available. 

“Ballistic missiles are viewed by the Air Force as continuations of this 
evolutionary process. Three principles must be constantly kept in mind. 

“First, we must push the development and integration of the weapons 
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of tomorrow at a pace which permits our scientists and technicians to oper- 
ate effectively. 

“Second, while a new weapon system is being phased in—whether it is 
the B-52, B-58, or a ballistic missile launched from the ground or an aircraft— 
we must maintain the deterrent force with the weapons of today. 

“Third, we must press forward with projects for the weapons of day after 
tomorrow even though we cannot clearly see precisely how those weapons 
will operate.” 

To maintain the deterrent capability of the manned bomber forces of 
SAC will take bases, men, and new generations of aircraft. All are expensive 
to acquire and maintain, and funds will have to be found, if a strong and 
alert force is maintained. 


... bases 


Mr. Weisl. “General LeMay, . . . you have stated to the Subcommittee 
on Air Power of the Armed Services Committee* that you need a greater 
dispersal of SAC bases. 

“Has anything resulted from that testimony?” 

General LeMay. ‘Since I last appeared before the Committee, I believe 
there has been one more base assigned to the Strategic Air Command. 

“However it is only capable of taking tankers at the present time and 
needs some more construction before bombers can move on it.” 


- men 


General White. “We are definitely short of manpower in the coming 
year, and I have requested an increase of 10,000 personnel. . . . 850,000 is our 
present schedule end strength by 30 June 1958, and I have asked that that 
be raised to 860,000.” 

Senator Saltonstall. “If you have 860,000, will you have enough man- 
power to put crews on the Thors and the Jupiters?’’ 

General White. ‘“That is one of the major reasons for asking for the 
additional 10,000.” 

Senator Saltonstall. “If you put on additional manpower on the Thors 
and the missiles, how will your crews be on the B-52’s and B-47’s?” 

General White. “You mean, as to. numbers?” 

Senator Saltonstall. “Yes.” 

General White. ““We expect to be all right as to numbers.” 

Senator Saltonstall. ‘Will you have, what, 214—” 

General White. “1.6 crew ratio per aircraft.” 

Senator Saltonstall. “On B-52’s?” 

General White. “On all strategic aircraft.” 

Senator Saltonstall. ‘‘Will that be enough to keep—” 

General White. ‘That is all strategic bombers.” 


*[In 1956. For a report on USAF testimony before this committee see “U.S. Air Power 
Today,” Air University Quarterly Review, VIII, 4 (Fall 1956), 60-78.] 











34 AIR UNIVERSITY QUARTERLY REVIEW 


Senator Saltonstall. ‘Will that be enough to keep your crews, to keep 
sufficient crews alert?” 

General White. “That is the ratio required in order to keep alert.” 

Senator Saltonstall. “And how much of your force can you maintain on 
alert or keep on alert?” 

General White. “That works out to one third of the force.” 

Senator Saltonstall. “One third of the force?” 

General White. “. . . It is not only a question of personnel, but you 
have to have the adequate runways, the taxiways, the alert shelters and the 
ground handling equipment and the ground crews to keep the aircraft in 
commission, and you have to have more flying time in order to compensate 
for the aircraft that are kept on the ground.” 

Senator Saltonstall. ‘And if you had your own way 100 per cent, would 
you have more on the alert than one third, or is that enough?” 

General White. “I would think it would be highly advisable to have 
more. It gets exceedingly expensive in manpower and in aircraft. You have 
to have more aircraft, and a great many more crews.” 

Senator Saltonstall. ‘So that you have asked for 10,000 more men?” 

General White. “Yes.” 

Senator Saltonstall. “And if you get those 10,000 more men in all dif- 
ferent categories, that would carry you in a satisfactory or optimum way?” 

General White. “It would carry us on a very austere basis.” 

Senator Saltonstall. “On a very austere basis?” 

General White. “That is correct, sir.” 


«+. new generation aircraft 


In a sense all weapons are interim weapons. All weapons in the inven- 
tory in quantity verge toward obsolescence in view of those under develop- 
ment. But the fight must be fought with the inventory, and the old and the 
new must overlap. General LeMay brought out that some SAC wings are 
still equipped with the B-36. General White agreed that the B-47 wings 
are losing their effectiveness in the face of improvements in aircraft and 
air defense. The 603 programed B-52’s, better than 600-mph heavy bombers, 
are not yet all out of production and into inventory for “interim” moderni- 
zation. The B-58, a medium bomber with speed approximating mach 2, is 
in final testing but not yet quite ready to enter quantity production. More 
KC-135 tankers will be needed for the full B-52 force. And looking im- 
mediately ahead, planners see the supersonic, very-high-altitude X-15 rocket 
plane, a forerunner of the spacecraft, and the chemical-fuel B-70 hypersonic 
bomber. The X-15 experimental plane Secretary Douglas characterized as 
one of the “radical” USAF projects: “It does include a man. It has a good 
many characteristics of the missile, and is able to reach altitudes of some- 
thing like a hundred miles. It has almost all of the re-entry problems of the 
ballistic missile and ultimate problems of returning it, a satellite, to the 
earth after it has been on orbit. 
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“It really requires all the characteristics that one would find in a manned 
satellite to take care of the man. It does not require the propulsive force.” 


The Sputnik Acceleration—Programs Leading to the Missile Phase-in 


Much of the Committee’s inquiry centered on the adequacy of the post- 
Sputnik speedup of the USAF missile program. The trend of Air Force 
testimony called for a faster pace and amplification of funds. 

Senator Johnson. “Do the present authorized plans for the development 
of the Thor, the Atlas, and the Titan represent the fastest rate of progress 
that you think can be made?” 

General Schriever. “Does your question also include the operational 
force buildup?” 

Senator Johnson. “Yes.” 

General Schriever. “The total program?” 

Senator Johnson. “Yes, sir.” 

General Schriever. ““The answer to that is no.” 

Senator Johnson. “Would you specify specifically in what respects you 
are dissatisfied with each of them, if that is so, for this permanent record?” 

General Schriever. “In the Thor program we have complete authority 
to move as fast as we can possibly move insofar as completing the develop- 
ment. 

“We have a much greater capability in building or producing Thors 
and building operational units faster and getting deployed faster.” 

Senator Johnson. “If there is nothing fundamentally wrong with the 
design, should not it be possible to step up the rate of development a great 
deal by working faster and longer and harder, and isn’t that advisable in 
the light of the situation as we know it to be?” 

General Schriever. ““We are working as fast right now as far as the de- 
velopment program itself is concerned, putting together all of the pieces that 
are involved in the development. There is no restriction on overtime at the 
present time or multishift operations.” 


* * * * 


Senator Johnson. “Have you got anything else you want to say about 
the Atlas and the Titan, General, so far as the present authorized plans for 
development are concerned? 

“Are you making the fastest rate of progress that you think can be made 
and should be made? 

“I want to tie you into this record for history to see what our expert 
told us ought to be done, and if you think more ought to be done, I think 
you will say so.” 

General Schriever. “In the Atlas program the development phase of it 
with all overtime restrictions now removed, . . . there is agreement I think 
between myself and Convair that we cannot accelerate the development 


program. 
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“There is also agreement that we can do more in terms of production 
and we can get more units, more groups in the same period... .” 

Senator Johnson. “And your view is that we should?” 

General Schriever. “We should at least—” 


Senator Johnson. “And that we can? 
General Schriever. “Yes.” 


* * * * 


General Schriever underscored the importance of bringing Titan along. 

Senator Saltonstall. ‘“‘May I ask a question on the Titan? 

“The evidence was that there was no new money or no extra money put 
in for the Titan, is that correct?” 

General Schriever. “That is correct.” 

Senator Saltonstall. “How far along in the development stage are you 
with the Titan?” 

General Schriever. ‘““The Titan is about a year behind the Atlas. . . .” 

Senator Saltonstall. “In your opinion, General, is it more valuable to 
go forward faster with the Atlas in the stage that it has now reached than 
to perhaps speed up the Titan?” 

General Schriever. ‘‘No, sir. I think that you have to go both ways. 

“I think that the Atlas you can get into operational units sooner, . 

“That actually increases the number of squadrons as compared to the 
present program ... the Titan, as General White pointed out yesterday, the 
Air Force has recommended that instead of the . . . squadrons that are 
presently in the program, that we go to... .” 

Senator Saltonstall. “In the Titan?” 

General Schriever. “In the Titan in the same time period, and this we 
can also do. 

“The Titan should go because it is built around the hard base, and | 
think you need to take the calculated risk now, because if we do this, we 
have to make the decisions now and select the site location and initiate our 
whole construction program because the hard base is a considerable con- 
struction program... .” 

Senator Saltonstall. ‘“‘May I ask you this: from the point of view of the 
defense of the United States and the United States security, is it in your 
opinion necessary, looking forward to the long range of 1961 and 1962, that 
we have both the Atlas and the Titan in operational stages?” 

General Schriever. “Yes, sir, I think so. 

“In the first place the Titan is a follow-on, it is a more sophisticated 
weapon. ... 

“Also looking into the space age and astronautics age, the Titan is a 
booster for astronautics development. . . .” 

Senator Saltonstall. “So that the Titan is valuable not only as a missile 
for defense purposes but also as a booster for space programs.” 

General Schriever. ‘That is right.” 

Senator Saltonstall. “Satellites?” 
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General Schriever. “And so is the Atlas.” 

Lt. General Clarence S. Irvine pinpointed program obstacles in the 
Thor-Jupiter duplication and perhaps in overregard of the missile as an end 
in itself rather than a way stop to yet more sophisticated weapons. 

Mr. Weisl. “Now, General Irvine, what bottlenecks can you tell the 
committee are present which impede or obstruct the acceleration of the de- 
velopment of ballistic missiles?” 

General Irvine. ‘“‘As I told you, on the Atlas, the program, I think, is 
pretty well on schedule. There it is really a question, at this point, of time. 
Maybe we could accelerate it a little with a little more money in key spots. 

“The real question is how many do we want? We need to make that 
decision fairly soon. 

“In the case of the Titan, there we are running essentially a develop- 
ment program. We are not ready for the production order yet. Since that 
is a real backup in that it is considerable improvement over the Atlas, I 
think we would be better off if we accelerated that weapon system. 

“Again, in the case of the existing Thor and Jupiter, there is a question 
of getting authority for sites and really making a determination of the ulti- 
mate requirements that are necessary. .. .” 

Mr. Weisl. “You were not consulted, either, were you?” 

General Irvine. “No, I was not. 

“However, I learned about fifty years ago from my Scotch father how 
to take orders and I have got orders and am carrying them out... .” 

Mr. Weisl. “Are there any other obstacles?” 

General Irvine. ‘In the missile, the ballistic missile area, I do not think 
that there is sufficient awareness, outside of the long-haired types like General 
Putt and myself, that the ballistic missile is only a short step in the evolu- 
tion of a weapon system; that we feel out of it comes things like a ballistic- 
ally boosted manned machine, whether this is made as an airplane to not 
quite go in orbit, or whether it is a true orbital type machine. 

“There is too much feeling, I think, in the people in this country and 
in Government, that we are perhaps just a little bit crazy when we talk 
about this sort of machine. And as far as I am concerned, I have been ac- 
customed to this, having been in engineering a little bit, that I think this 
is a very high compliment when a lot of people in this country think the 
Air Force is trying to go too far and too fast.” 

Mr. Weisl. ‘Well, according to General LeMay, we neither have gone 
too far nor too fast. Do you agree with General LeMay’s testimony?” 

General Irvine. “I do.” 


The Jupiter IRBM Weapon System Is Examined 


The unqualified opinion of Air Force missilemén and production experts 
was forcefully expressed. The cost of putting two missiles into production 
and establishing the weapon systems to operate them is justified only by the 
insurance value of different designs, by sending the message to Garcia over 
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two different routes. The Jupiter intermediate-range ballistic missile is sim. 
ilar in concept and design to Thor, unlike the pairing of the quite different 
designs of Atlas and Titan. Jupiter prospects are already available in Thor. 

Mr. Weisl. “General Irvine, you know, of course, about the decision to 
manufacture both the Thor and the Jupiter?” 

General Irvine. “Yes, sir.” 

Mr. Weisl. “Do you think there is any substantial difference from an 
operational standpoint between the Thor and the Jupiter?” 

General Irvine. “They are about as alike as the Ford and the Chevrolet.” 

Mr. Weisl. “Do you think the Jupiter is the backup for the Thor?” 

General Irvine. “No, not to any real engineering degree. The laws of 
nature are the same for the Army and the Air Force, and they have equally 
skilled people working on the job, except in this area I think the Air Force 
got started sooner with a more thorough understanding of what we are try- 
ing to do. And that was not just to build a missile, but to build a weapon 
system with a complete environment including the people, the operational 
concept, the fitting of this weapon system into the over-all SAC war plan, 
this last probably being the most important of all.” 

Mr. Weisl. “Has the Air Force sufficient facilities to manufacture as 
many Thors as can possibly be needed in the foreseeable future?” 

General Irvine. “We are in the interesting position on this as we are 
in many other weapon systems of being able to build more than we could 
justify to meet military requirements or that we think the country ought to 
buy.” 

Mr. Weisl. “Since the Air Force will be charged with the responsibility 
of operating both the Thor and Jupiter, do you as an expert feel that you 
need both the Thor and the Jupiter?” 

General Irvine. “This is a question of buying insurance. This to me 
is the difference between the 65-year-old man buying insurance to send his 
kid through school or buying insurance on the child. I mean you can pay 
a high price for insurance if you buy the wrong kind. 

“If this were a missile which had an advanced engine, an advanced 
airframe—” 

Mr. Weisl. “If you will pardon the interruption and will forgive me, 
does this have an advanced airframe? Does this have a different engine? 
Does this have a different propulsion?” 

General Irvine. “It has the same engine, an Air Force-developed engine 
at North American, with somewhat different installation devices, but rela- 
tively the same installation procedures; so actually the facts of life in this 
case are that the accent on the development of the Jupiter has been toward 
developing a missile, not a complete weapon system. And this is perfectly 
understandable, because the people who are working on it did not have 
the entire environment and were not the people that had the problem of 
solving the entire military problem. 

“Therefore, the ground environment and the operational concept and 
many other things are not—they do not quite fit. So that this to me—and I 
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think if you have got some Fords coming out—this is like starting some 
Chevrolets, too. To meet our requirements it is going to be late, certainly 
after the middle of next year, before a missile that has all the apparent re- 
quirements in it to meet the Air Force mission—” 

Mr. Weisl. “You are talking now of an intermediate missile?” 

General Irvine. “Yes, I am talking about the IRBM. In other words, 
they have been flying prototype missiles and the work that has been done on 
them has been fine. The difference between that and the Air Force concept 
is like our feeling that new and modern high-performance airplanes we 
build on so-called hard tooling and we build enough of them so we have a 
production run. 

“The Thor, built by Douglas with Air Force thinking behind it, was 
built on production tooling. So if you get a good one, we are in a position to 
go ahead and build a lot of them.” 

Mr. Weisl. “You have got a good one in your opinion in the Thor, 
have you not?” 

General Irvine. “Yes, sir.” 

Mr. Weisl. ‘And you are in a position to build as many of them as the 
Air Force can possibly use in the foreseeable future?” 

_ General Irvine. ‘‘More.” 

And General Schriever, answering assistant counsel: 

Mr. Vance. ‘Speaking of backups, do you agree with General Irvine’s 
testimony, as I understood it, that Thor and Jupiter are not necessarily back- 
ups for one another?” 

General Schriever. “Yes, I agree that at this stage of the game I do not 
think that they are backups of the kind that we should pay that much in- 
surance for.” 


... identical movability 


Senator Flanders. “A fundamental difference, as I have observed it, be- 
tween the two is that one is at least being used with the fixed launching 
platform, or is it, as it was explained to us, movable but not mobile launch- 
ing platform, while the other is intended to have a mobile launching equip- 
ment mechanism. 

“Now, is the Air Force sold on the notion of the fixed platform?” 

General White. ‘“The two weapons, as far as mobility—and that is, I 
think, an overstatement—movability, are identical, in our opinion, and there 
is no real difference between the Jupiter and Thor as far as their mova- 
bility is concerned.” 

Senator Flanders. “Well, we saw fixed—we saw ground installations out 
in California which certainly were not mobile.” 

General White. ‘They can be, though. The same kind of a launching 
platform that one—on trucks, and so on, can be applied to the other. The 
real key—” 

Senator Flanders. “Apparently it had not been developed. I did not 
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know whether you had any feeling that there was a definite reason for the 
fixed platform.” 

General White. ‘“. . . Even to move them even a few miles, they have 
to go over roads, and the narrow standard roads in Continental Europe are 
going to force a tremendous problem. 

“I can only say the Air Force has an open mind upon it, and a great 
deal of the determination will be the desires of the nation to which these 
will eventually be turned over... .” 

Senator Flanders. “. . . Now, the ICBM is of necessity launched from a 
fixed launching spot.” 

General White. “Yes, sir.” 

Senator Flanders. “I have not heard of anybody who has suggested mak- 
ing that mobile, have you?” 

General White. ‘Yes, sir, that is right, sir.” 




















... quick reaction time vs. movability 


Mr. Weisl. ‘General Irvine, you undoubtedly have either heard of or 
read the testimony of General Gavin and General Medaris to the mobility 
of the IRBM. Do you agree with their views as to mobility? 

“Let me put it another way. You do agree that mobility is desirable, do 
you not?” 

General Irvine. “We have—that is really a question—we had an inspec- 
tion by our Secretary and Secretary Brucker from the Army out on the West 
Coast, a development engineering inspection of the ground handling equip- 
ment for the Thor. All the equipment was in place. The real materiel, not 
pictures, not ideas, but the materiel that would be used was set up in place 
and demonstrated. And this equipment is on wheels, and we are in a 
position to put this stuff on trucks and drive it around the country if that 
seems like a good idea. 

“However, when you start talking about that sort of thing where you 
are going to move a train of 150 or 160 trucks around the country, I think 
some people ought to take a look at some World War II pictures of what— 
I was in a P-38 outfit a little while myself—is a demonstration of what you 
could do to a bunch of trucks on the road with a bunch of fighters, and the 
Russians have lots of fighters.” 

Mr. Weisl. “You heard or read the testimony of General Medaris, I 
believe, who said that this equipment is just as easy to move as an 8-inch gun.” 

General Irvine. “I have never experienced moving 8-inch guns, but I 
think the best answer to that question is, we design our materiel so that we 
can drive it around and set it up and tear it down and move it. We have 
5 five different plans which go from a completely mobile solution to where we 
would have a large number of sites, unoccupied sites, maybe some we would 
Not use at all in time of peace, that we could move to, have our equipment 
4 80 we could place all of it on wheels. 

“From that through various gradations to a hardened site where there 
would be nothing for the enemy to look at if we decide to bring it out, shove 
the missile on a launcher, and shoot it. 
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“So we have those five different variations, and we feel they are neces. 
sary, from relatively thinly populated areas where the deployment plans could 
be carried out, to heavily populated areas where some places, anybody who 
has driven around some of the narrow roads in England, moving a 25-ton 
truck along, it sounds a little sporty. 

“Should we decide to put this equipment in a place like Alaska, there 
it seems sort of sensible to dig in.” 


* * * * 


General Irvine. “In the Air Force, we have some pretty big chunks we 
move around, and we think we know something about them. 

“As I said before, the laws of nature are the same for everybody; whether 
it is an Army truck or an Air Force truck, it sinks in the sand just the same, 

“If you set up a hundred-thousand-pound missile, we have the idea that 
maybe you ought to lay out a little piece of concrete about 20 feet square | 
to put it on. 4 

“But I would like to say one more thing about the real fundamental ~ 
difference of opinion about the handling of these two missiles, the difference 
between Irvine and Gavin. 

“Gavin is thinking in terms of equipment, quite properly, to chaperon 
an army in the field, as an extension of artillery. And with this concept there 
is nothing wrong with what he proposes to do. 

“Our philosophy with these missiles, from the very beginning, was to” 
create another weapon system which would fit into the SAC war plan; and | 
therefore, among other things, we wanted fast reaction, the ability to shoot 
quickly, the same as in SAC we want an alert system to get the airplanes in 
the air quickly, while the people who fly them are still alive; and in the case 
of the missiles, while there is still a man there to push the button. 

“This is the real difference in philosophy.” 
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Senator Symington pointed out that “the principal extra cost of pro- 
ducing both Thor and Jupiter” had been stated to be the cost of “con- 
tinuation of two research and development programs instead of one. Do 
you agree with that?” he asked General Putt. 

General Putt. “No, sir.” 

Senator Symington. “Why not?” 

General Putt. “Well, in addition to the added costs of two development 
programs, you have the additional cost of tooling up a different line, pro | 
duction line, a somewhat different set of ground handling equipment, the | 
training of people in additional—not necessarily additional skills, but to § 
handle different systems. 

“The number of parts and pieces that go into your supply system are 
doubled, which is a headache in itself. 

“So that I think there is considerably more than just the increased cost 
of two research and development programs.” 

Secretary Douglas estimated the extra cost of proceeding with Jupiter 
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into operational units: “I think that it is reasonable to say that if we could 
proceed and were justified fully in proceeding with Thor at the present time 
without Jupiter, the present operational program could be accomplished for 
perhaps as much as $200 million, perhaps more, less than in going ahead to 
equip the presently planned units with both missiles. As the program in. 
creases in size, if it does, the difference will become relatively smaller, at least 
in relation to the whole program.” 


Air Force Uses Broad Resources 
To Pair Development and Production Planning 


Questioning of General Schriever brought out the Air Force concept of 
weapon development. Design-development contracts let to achieve _per- 
formance specifications create a development-production team of experienced 
industrial organizations with regard to each of the component systems of a 
missile. Solution of tooling and production problems is an integral part of 
design development. Testing puts production facilities in being to manu- 
facture the test missiles and readies them for quantity production. Over-all 
direction is provided by a contract systems manager under close technical 
supervision by the Air Force Ballistic Missile Division headed by General 
Schriever. In this regard Senator Bush brought up the much-publicized 
German scientists at the Army’s Redstone Arsenal, who have done the re- 
search work on the Army’s Redstone and Jupiter missiles. General Schriever 
was invited to comment on the “arsenal” system of weapon development as 
contrasted to the USAF concept. 

Senator Bush. “Just as I was very much impressed at your establishment 
when we paid a visit to you recently, so I was very much impressed at Red- 
stone by the people we met there and the operations which we viewed and 
I am sure you must agree there are wonderful people down there and they 
have done some wonderful things just as you have, too. 

“Outstanding, I suppose, is this group of German scientists headed by 
Dr. von Braun who testified up here, and when one sees an organization like 
that, here is a man who has a team which has been engaged in rocket re- 
search and development for twenty years or close to it, I just wonder whether 
we are making all the use, getting all the use and value out of that kind of 
a team and that kind of a plan with his team, so to speak, that we should, in 
this very important work that is just going on in this country... . 

“I don’t want to embarrass you by asking you to answer any question 
that you don’t think is appropriate and I won’t insist on any answer from 
you on this but I wondered whether you would care to make any observa- 
tion from your own experience and contact with the Von Braun group, and 
the Army arsenal work down there as to whether a good deal more value 
could not be gotten out of them at all levels of research and development in 
the rocket field or not, or do you have any general comment to make in 
connection with this broad question?” 

General Schriever. “Well, first of all, I would certainly agree that they 
have a very competent group of people there. 
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“I think that the fact that they have a very competent group there, how- 
ever, is sort of an accident. 

“In other words, I don’t go along with the arsenal philosophy of doing 
development and then turning it over to industry for production. 

“I think the Air Force philosophy of having industry do development 
and having the capability of planning for production simultaneously is a 
much better way of doing it. 

“The Air Force had quite a number of German scientists right after the 
war at Wright Field, and made, deliberately, the decision not to try to retain 
that group of scientists as a group, similar to what they have done at Red- 
stone, and they have been, most of them have gone into American industry 
and a lot of them are in industry today; they are at Convair, they are at 
Bell, and a number of other companies, and although this is a matter of 
opinion, my feeling is that these people distributed to American industry, 
are doing equally as good a job for the United States. . . 

“I don’t want to take any credit away from the group of people there 
[at Redstone]... .” 

Senator Bush. “. . . In other words you don’t feel that we are handi- 
capping ourselves as a defense organization by not making broader use of 
the talents of the Von Braun group.” 

General Schriever. ‘‘Well, I think, as I say I think they are being used 
well up to the hilt now.” 

Senator Bush. “Yes, and you don’t feel that there is a very much 
broader field in which they—to which their talents might be applied which 
would be the over-all field to affect not only the Army but the Navy and the 
Air Force too in the field of missiles. 

“Are you getting as much benefit as you think you 4re entitled to from 
them or that you can use effectively?” 

General Schriever. ‘“Well, I think you have to put it this way: the group 
is in existence, it is a good group, so that is a fact.” 

Senator Bush. “Yes.” 

General Schriever. “And as far as whether my organization or the Air 
Force is getting as much use out of them as we could, I think we are getting 
as much benefit from what they are doing as is possible, as long as they are 
an agency under the control of another organization.” 

Senator Bush. “Oh, yes.” 

General Schriever. “Now we get complete information on their tech- 
nical progress. ; 

“We have a liaison office there and we get ali information as to what 
they are doing technically.” 

Senator Saltonstall. “Is that mutual?” 

General Schriever. “Yes, 1 have a couple of their officers right stationed 
with me and they get all of our reports.” 

Senator Bush. “Perhaps what I am getting at is this question, as to 
whether we could have a closer unification of effort in the missile field than 
we have right now, and that we have had in the recent years. It is a difficult 
question, I know.” 
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General Schriever. “Yes, it is a difficult question to answer because funda. 
mentally, I have, as I have said, I feel that as a country, we are better off 
by going to industry for our development. I don’t think we should have 
Governmental agencies carrying out development in the manner that Red. 
stone does. 

“I don’t mean to say we should not test and evaluate them.” 

Senator Bush. “I mean right up to the point where it is tested and 
manufactured.” 

General Schriever. ‘They actually assemble and test—they get the 
engines from North American, they get their guidance from Ford Instrument 
Company, which is part of Sperry, but they do all of the detailed engineering, 
of assembling the total missile, and they actually carry out the test firings, 
they prepare the over-all drawings and specifications and finally turn them 
over to a company say like Chrysler to do the final assembling and produc- 
tion.” 

Senator Bush. “There appears to be a difference of opinion between 
yours, let’s say, and General Medaris?” 

General Schriever. “That is right, there is.” 

Senator Bush. ‘“‘As to the economic philosophy or the efficiency of these 
respective approaches. He appears to be quite as convinced that theirs is 
better as you are that yours is better; that is very interesting, and I am sure 
you and he must know that you differ on that.” 

General Schriever. “Oh, yes. He knows what I think and I know what 
he thinks.” 

Senator Bush. “Yes. Well, that is pretty difficult for an amateur to get 
into it and decide who is right.” 

Senator Saltonstall. ‘“‘Would the Senator yield on that?” 

Senator Bush. “Just for a question.” 

Senator Saltonstall. “Is that not based, General Schriever, on history, 
the Army is the oldest in existence, they had to build their rifles and every- 
thing else in arsenals, so they adopted the arsenal theory. 

“You fellows came along later with the airplanes and you adopted the 
industry theory.” 

General Schriever. “Yes. In the early days it actually was tried, the busi- 
ness of building airplanes in the government arsenal type of arrangement, 
and it did not work very well, and you can get all kinds of pros and cons on 
this, but I think that philosophically it is true that regardless of party, the 
policy of this country is to have private enterprise do the job for the govern- 
ment instead of having the government do the job; and I think if private 
enterprise can do it, and I think they can, in the case of developing these 
weapons, then we ought to tend to that direction.” 


Application of Air Force Missiles to Space Operations 


Most significant of all the facts emerging from the hundreds of thousands 
of words of testimony heard by the Johnson Committee was the readiness, 
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now, of the Air Force to begin major space operations. The reconnaissance 
of lunar and interplanetary space is possible with the Air Force missile power 
now in existence, with Thor, Atlas, and Titan. Added to the manned space 
experiments now beginning with the X-15 rocket plane and to long-standing 
Air Force research in the physiology of space travel were capabilities for the 
attainment of the moon within months, the dispatch of reconnaissance probes 
to Venus and to Mars, and manned flight around the moon and back to 
Earth. These ventures became, under the weighed testimony of Air Force 
leaders, ventures of today’s devices and today’s work. Involved is control 


of space. 


... control of outer space 


Senator Johnson. ‘Now would you give the committee what things you 
believe are essential to control outer space?” 

General White. “Well, I think the number one thing is to get some 
things in outer space, sir. 

“The first thing you have to have is the means for firing objects into 
space. 

“One of the most important, I say, projectors in this case in that field 
is the Titan, and that is one of the reasons not only because of its operational 
value to the ballistic missile inventory but because of the future growth in 
that booster for outer space projection, I am anxious to have the Titan 
expedited. It is a more sophisticated booster than the Atlas. It is a more 
rigid construction, and is the prime vehicle in the hands of the United 
States today for getting large vehicles and apparatus into outer space. 

“You have to start with the booster and in my opinion the Titan is just 
over the horizon in that field.” 


* * * * 


Senator Johnson. “Do you want to go ahead and discuss some other 
things?” 

General White. ‘“The human factors, if you want to get a man into space, 
we certainly do that, and we have done a great many experiments in 
the Air Force with that sort of thing. We have space suits actually developed 
to enable a man actually to live in getting to and from the moon. 

“We will undoubtedly have to develop all sorts of communications 
equipment, guidance equipment. 

“I actually foresee the use of weapons in space, both on offensive and 
defensive. 

“I can imagine a satellite being a missile launching platform. It is pos- 
sible to put one of those things in space, and have it go over any given spot 
on earth and at a given signal, and mind you of course this is not a simple 
proposition but I am told that it is possible, have that fire a missile at a 
given point on the earth, a certain city, for example. 

“I think that if that is possible, that concomitantly there should be de- 
veloped a defense against that kind of a satellite. 











50 AIR UNIVERSITY QUARTERLY REVIEW 





“The reconnaissance is one of the—probably one of the earlier develop | 


ments that will take place. 


“You will have a vehicle that will map enormous areas of the earth : 
frequently and perhaps by television and other means get the actual photo |) 


graphs down on earth. 


“Another way to do observation would be to put a vehicle in space | 


which would be motionless with respect to the earth’s surface, because if you 
fired high enough, and under certain conditions, the speed of that vehicle a 
the greater radius from the center of the earth can be made to equal the rate 
of rotation of the earth so in effect it relatively—relative to the earth’s rotation 
it is stationary, and that can be used for many things, for observation of all 
the earth within the range, sight range of that particular vehicle, for com. 
munications purposes, and so on. 

“I think you can even go on further, and I think it is within the realm 
of possibility that we can reach the moon within a very short time, by 
relatively short, two, three, four years. 

“I think it is possible that man can go there. I am told, and I cer 
tainly have no personal knowledge or have any personal expertness in the 
matter, that by various combinations of stages with boosters such as that of 
the Titan it would be possible to actually reach one of the other planets in 
our solar system. 


* * * * 


“We have done a great many developments in this area. 

“The Titan itself, the rocket engines for practically all of the ballistic 
missiles are Air Force engines. 

“We have sent many instruments into the high altitudes to study cosmic 
rays, temperatures. We have sent people in balloons to very high altitudes 
to learn all we can about the reaction of the outer space, as near as we can 
reach it, on the human body. There are just an enormous number of such 
experiments we have done, sir.” 


. -- an extension of Air Force mission 


Senator Johnson. “I want to ask you, what about the Air Force role of 
putting the Air Force into outer space?” 

General Schriever. ‘Well, my feeling is this: that from a mission point 
of view, there is a great similarity in operating in the air, in the atmosphere 
above the earth, and in operating in space, and so that is No. 1. 

“I think that it normally follows mission-wise. 

“No. 2, from a technical standpoint, these ballistic missiles you see here, 
and what they represent in terms of resources, facilities, know-how, people, 
is the platform for going into space, not only the boosters but the guidance, 
the re-entry, all parts of it. 

“I made a statement a year ago that at least 90 per cent of what we are 
doing in the Air Force ballistic missile program, 90 per cent of all of this 
work can be directly applied to an astronautics or space program. 
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“And so, from a technological standpoint, it is, I think, a normal transi- 


) tion to step from these ballistic missiles into satellites, moon rockets, going 
the earth) 
al photo. | 


to planets. 
“Of course, from a personnel standpoint, physiological standpoint, we 


have had the department* at Randolph Field for quite a long time. Dr. 
Strughold has been working there on manned space flight. You are familiar 
with the balloon flights we have had, high-altitude aircraft. We are prac- 
tically operating in a space environment when we get up to altitudes of 
100,000 feet or so.” 

Senator Johnson. “And you consider control of outer space extremely 
important to the free world, do you not?” 

General Schriever. “Well, I certainly do, although I would not be able 
to give you exactly why in tangible terms, again, a year ago, that I thought 
perhaps the future battles would be space battles instead of air battles, and 
I still feel that way about it.” 


... the reconnaissance satellite 


General Schriever disclosed plans to use the Thor as a booster for a 
satellite with a recoverable reconnaissance device. 

General Schriever. ‘Let me say this, that there was a lot of interest at 
different sources in the government for an advanced reconnaissance system. 
... Now since sputniks, there has been of course a desire to accelerate this 
program, and we have been looking at means for accelerating it and I have 
given verbal instructions and this will be carried out in contractual terms, to 
bring into this program the Thor as a booster to expedite getting orbiting 
vehicles and we think, based on our studies to date, arid we have made 
rather exhaustive studies both in house and in Lockheed, that we can get be- 
fore the end of this year, say some time around perhaps as early as July, but 
more likely about October, we can get an orbiting vehicle with the Thor as a 
booster, which would be a boost to this program here, in other words, we 
would be getting experience, we would be getting some of the components 
in flight and so forth,.. . 

“Now the actual system that would be orbiting, the dry weight of that 
after you have used the fuel would be about . . . pounds, and there are 
several different existing engines that you could use for a second stage. 

“One of them is the present Vanguard second stage engine. 

“Another one is the Bell engine that we are using for this particular 
program now, it was used for the: Hustler air-to-surface missile. . . .” 

Senator Symington. “So you could make and by what date do you think 
you could have a functioning weapon as a satellite?” 

*[Department of Space Medicine, School of Aviation Medicine, USAF, Air University, lo- 
cated at Randolph Air Force Base, Texas. The Department is hedded by Dr. Hubertus Strughold, 
famous pioneer in the physiology of the space man. Dr. Strughold was Director of Aeromedical 
Research Institute and Professor of Physiology at the University of Berlin, 1935-1945, and Direc- 
tor of The Physiological Institute, University of Heidelberg, 1947-1949, before coming to 
America in 1949 to assist in establishing the Air Force Department of Space Medicine. He is the 


author of an excellent study, The Green and Red Planet (Albuquerque: University of New 
Mexico Press, 1953), concerning the possibility of living forms on Mars.] 
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General Schriever. “I think that we could have a reconnaissance Capa. 


bility, using the Thor booster, by the spring of next year, with a recoverable 
capsule.” 

Senator Bush. “Spring of what?” 

General Schriever. “Spring of next year, 1959.” 

Senator Carroll and General Irvine discussed photo reconnaissance by 
satellite, with ICBM power for the booster. 

Senator Carroll. “Can you have under planning—you do not have to 
answer this if it is classified—did you, as sort of the production manager of 
the Air Force, did you have under consideration a sort of a reconnaissance 
satellite?” 

General Irvine. ‘We have been working toward that end in General 
Putt’s department for a long time, and in this area we have been interested 
in that problem because we knew in the engine required for the ICBM, we 
had the fundamental element required for the first step in the satellite.” 

Senator Carroll. “In other words, the ICBM engine—” 

General Irvine. “Yes, sir.” 

Senator Carroll. (continuing) ‘“—could be used to launch this recon- 
naissance satellite?” 

General Irvine. “Yes, sir.” 

Senator Carroll. “Mr. Chairman, I have had brought to my office about 
—a while ago, a photograph, and this is certainly not classified, taken by the 
Boston University Physical Research Laboratory, which I understand is doing 
some research work for the Air Force, a picture taken from Pike’s Peak of 
Denver, Colorado, 63 miles away, and taken evidently by a mirror camera, 
photographed with a red filter, and I am able to pick out with my eye, with- 
out the aid of a magnifying glass, the State Capitol, the Martin plant that 
is doing some military work, and many military installations. 

“The thought occurred to me whether or not, if you take a picture with 
a camera on a horizontal plane at 63 miles, is it classified, can you tell us 
how far you can photograph down?” 

General Irvine. “I think there again that Mr. Horner* can tell you more 
positively about this than I can, but we have cameras that will take pictures 
from a satellite in orbit.” 

Senator Carroll. ‘Pictures from a satellite in orbit?” 

General Irvine. “Yes, sir.” 

Senator Carroll. ‘Well, there has been some talk, as I remember, that—” 

General Irvine. “A lot of work on it.” 


. ¥* i * 


Senator Carroll. “If we could launch such a satellite, reconnaissance 
satellite, I assume the Russians, being ahead of us, could launch one, too, 
and—” 

General Irvine. “Yes, sir.” 

Senator Carroll. “And by having such photographic cameras function- 


*[Honorable Richard E. Horner, Assistant Secretary of the Air Force for Research and 
Development. ] 
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ing, perhaps each of us would know what each other is doing; is that pos- 
sible?” 

General Irvine. “I think this would be very healthy. This is the first 
step toward peace.” 

Senator Carroll. “Is that what you meant when you said a little while 
ago, if we would use some of our money or devote our money to some of 
the research programs, is this one of the programs you have in mind?” 

General Irvine. “We have three Air Force programs with three different 
companies, one of which we have recommended for implementation.” 


... the manned satellite 


General Schriever. “There is no manned satellite program authorized 
at this time. I would prefer not to say anything more about the program 
that has been under discussion, which Mr, Horner covered, because of its 
classification.” 

Mr. Weisl. “I think the Senator is talking about the X-15 which was 
discussed.” 

General Schriever. “Oh, this is not a satellite. This is a rocket-propelled 
experimental airplane.” 

Senator Barrett. “Yes, I understand that, General, but I was thinking 
about an extension of the X-15, and it would be perfectly agreeable to wait 
for executive session.” 

General Schriever. “Well, I think I can say something about certain 
things that appear possible in the not too distant future with the hardware 
that is now in the ballistic missile programs.” 

Senator Barrett. ‘““That is what I had in mind.” : 

General Schriever. “You can take the Thor, the Jupiter, the Atlas, and 
the Titan, and they all make perfect boosters, some of them better than 
others, and there is existing hardware for second stages available today that 
would put into orbit considerably greater weights than we are talking about 
in our current satellite programs. 

“And these could then be followed by experimental recovery flights 
initially. You could even get to the moon by 1959.” 


... costs of astronautic research 


Mr. Horner pointed out that the program of astronautic research dis- 
closed by testimony to be within Air Force capabilities was not enormously 
costly: “I noticed throughout all of the testimony a thread which seems to 
indicate to me the general opinion that what we have called our astronautics 
program, what might be called space exploration, is something that is really 
quite expensive, and really relatively expensive. 

“Relative to the efforts we now have in other fields, and specifically in 
the ballistic field, it can be really quite cheap, quite reasonable indeed. 

“I say this because we have a large part of the industrial plant that is 
needed. We have a large part of the test facilities that are needed. We 
have a lot of the techniques fairly well in hand. 
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“What is left to do now is to put these things together, and there are 
any number of different things that can be accomplished, a list that would 
be truly challenging, for a relatively small investment over the next few 
years.” 


. .. the ten years ahead 


The big investment for the first generation of space vehicles has al- 
ready been made, General Schriever said. The exploitation of this generation 
of vehicles in space flight is ample for a wide range of projects over the next 
ten years. Sizably increased power is not presently needed. 

General Schriever. “Present Atlas, Titan, and Thor provide booster 
capacity for space missions of primary interest for the next ten years. Prin- 
cipal investment in first generation space vehicles has already been made. 

“Two. The development of a few added stages of small size, as build- 
ing blocks, can provide, in proper combination with the boosters, vehicles 
for all space missions for the next ten years. . . 

“Three. The guidance systems for the present and second generation 
ICBM and IRBM are basically adequate to perform the space missions, in 
other words to hit these, the moon, . . . planets; you need a guidance system 
to do it. 

“Four. The development of payloads for some of the various missions, 
including payloads for animals and manned experiments, can be defined 
and initiated now. In other words, we can start work on these things now. 

“Five. Research and technical development required on critical problems 
and on basic space phenomena can be defined and initiated now for the 
second generation of space vehicles and space missions. 

“In other words, we are not just groping around. We can actually 
specify things.” 

Senator Saltonstall. “Are these your conclusions or conclusions of 
people who have submitted them to you?” 

General Schriever. “These are the conclusions we have reached after 
many months of study in my organization where there have also been inputs 
by industry. 

“These have been reviewed just a couple of weeks ago by the Ballistic 
Missiles Scientific Advisory Committee, headed by Dr. Millikan. They essen- 
tially agree with all of the major conclusions we have reached.” 

Senator Saltonstall. “And you believe in them personally?” 

General Schriever. “I believe in them personally, yes. . . .” 

Mr. Vance. “General, General Medaris testified that unless we developed 
an engine of a million-pound thrust by 1961 we would be out of the race. 

“Do you agree with that?” 

General Schriever. “No, I do not. I think that we need to develop 
larger engines, and I do not disagree that we should not develop a million- 
pound engine, mind you, but I do not agree we would be out of the race if 

we have not got one developed by 1963.” 

Mr. Weisl. “You do agree we should be working on such an engine?” 
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General Schriever. “Yes, I agree.” 

Mr. Vance. “Have you so recommended it?” 

General Schriever. “No, I have not recommended it... .” , 

Senator Stennis. “I want to be sure we understand it. You really think 
we ought to be building this large engine?” 

General Schriever. “I think we should be developing this large engine; 
yes, sir.” 

Senator Stennis. ‘With a million pounds’ thrust, anyway?” 

General Schriever. ‘In the order of a million pounds.” 

Senator Stennis. “But you do look upon it as kind of secondary ne- 
cessity, that is, something to fall back on, rather than a primary necessity; 
is that right?” 

General Schriever. “I think we need these kinds of engines. We need 
to have them by 1965 or so for the next generation of space vehicles. 

“I have carried you through 1965 with basically the boosters we now 
have, plus these . . . second stages which, I think, will do everything that 
you want to do for the next ten years.” 


The Coming of Astro Power 


At the conclusion of his testimony General Bernard Schriever made a 
formal prepared statement to the Committee. The few typewritten pages 
he read for the record make up one of the prime documents of our age. 
Passing through the intermediate realm of the ballistic missile weapon 
systems to look forward into the dawning age of manned space operations, 
General Schriever dealt America her first hand as an astro power. These are 
the cards we have to draw to. This is the probable play. Facing war, the 
stakes are high; and in peace the adventure is on into a new age of man. 
We stand therefore at a time for “bold decision.” 


Statement of Major General Bernard A. Schriever 
Before the Senate Preparedness Investigating Subcommittee 
9 January 1958 


My purpose here today is to assist your subcommittee in defining and 
evaluating the kind of future performance and programs which are re- 
quired if we are to give our country undisputed leadership in the fields of 
ballistic missiles and astronautics. 

As I see it, we face two challenges: one immediate, the other long- 
range. Meeting each one successfully is vital to the maintenance and strength- 
ening of our national security. 

In seeking to provide you with what in my opinion are concrete answers 
to these questions, I am not going back over past history. The concern we 
all share now is with history in the making—and what we can do to make 
that history lead us toward the security we require. 

In looking now to the future, the immediate question is, what can be 
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done to further compress the time within which we will achieve significan | 


operational forces of intermediate-range and intercontinental ballistic mj 
siles? How can we close the gap that now exists between our country anj 
the Soviet Union with respect to the availability of these weapon systems? 


... our ballistic missile potential 


The Thor IRBM will be the earliest operational ballistic missile. Oy 
planning now stipulates 15 missiles per squadron. 

The present Department of Defense directive, which calls for both 
Jupiter and Thor squadrons, does not achieve at the earliest date the deter. 
rent power which is well within our capabilities. If a decision is made im. 
mediately to increase our rate of production over the currently approved 
maximum rate, by early 1960 we can deploy twice as many operational IRBM 
squadrons, all Thor-equipped. The first two Thor squadrons would be over. 
seas by the end of calendar year 1958. 

The next addition to our ballistic missile force will be the Atlas ICBM, 
on which research and development has been, and is, proceeding about as 
rapidly as possible. We expect to equip our first Atlas operational complex 
in the near future. The force buildup beyond that first unit, however, can 
be appreciably accelerated beyond current plans. This can be accomplished 
by an immediate decision to double the currently approved maximum rate 
of production of Atlas missiles. This will permit us to equip almost double 
the total Atlas squadrons called for in the next few years. This also is well 
within our capabilities. 

The third, and most advanced ballistic missile in our force of the im- 
mediate future will be the Titan ICBM. Here again our research and de. 
velopment is progressing at a rapid rate. Our most recent assessment, how- 
ever, shows that we have the capability to equip twice the number of Titan 
squadrons indicated by currently approved schedules. 


... the cost of these accelerations 


Our estimates show that the additional strength provided by these ac- 
celerations of our missile systems can be accomplished by means of relatively 
small increases in the expenditure of funds allocated for the remainder of 
FY 58. However appropriation of considerable additional funds over those 
presently budgeted for FY 59 would be required. 

It would be a colossal blunder if we were not to plan beyond the point 
of matching every Soviet ballistic missile with one of our own. We must 
continue to refine and improve this first generation of ballistic missiles, in 
effect progressing to a next generation of missiles. We can provide in the 
slightly more distant future greater accuracy, greater destructive potential, 
greater range, greater simplicity, greater mobility, but at less cost. All of 
this we can do and are now planning, and all of this demonstrates once again 
that there is no fixed, final and frozen solution to the problem of national 
defense, any more than there is any ultimate weapon. 
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... our astronautics potential 


The second challenge, as I analyze the future, is in the longer-range 
field of astronautics. Here the military requirements are at present less 
clearly defined, but are no less demanding of an immediate, vigorous pro- 
gram designed to surpass Soviet capabilities in this field. 

Fortunately we are already a long way down the road. The original in- 
vestment for preliminary projects in space flight has already been made in 
our present Air Force ballistic missile programs. 

We have already provided for approximately 500 million dollars worth 
of new facilities designed for development, testing, and production of bal- 
listic missiles—facilities nonexistent only three years ago. We have a vast 
military, scientific and industrial organization experienced in the design, de- 
velopment, testing and production of ballistic missiles. Moreover, this or- 
ganization is staffed by personnel of the greatest competence who have 
mastered many new fields of knowledge which can be springboards to sub- 
stantial short cuts in our mastery of astronautics. 

In my opinion, these presently existing assets provide our best stepping- 
stones for every advance we can expect to make into this new age of space 
science and technology. Our studies have shown that by using our presently 
existing rocket engines and missiles, we can provide both at the earliest 
date and at the greatest economy not only unmanned reconnaissance of the 
moon, but also a basic vehicle for manned space flight. 1 believe that any 
program to develop a separate astronautics agency would result in duplica- 
tion of capabilities already existing in the Air Force ballistic missile pro- 
grams, and at a cost in funds and time similar to that already expended on 
these programs. * : 


*Following the prepared statement, further questioning took place in which General 
ye position relative to the proposed new Department of Defense Space Agency was 
clarified: 

Senator Saltonstall. ‘‘General Schriever, may I first say that this is an awfully interesting 
and important statement, and I certainly appreciate, and as one member of the committee, you 
appearing as a witness today. Certainly, it is comforting to have men like you around. 

“My question is this: You were critical in that statement just now of a new satellite agency, 
so to speak.”’ 

General Schriever. ‘Yes, sir.” 

Senator Saltonstall. ‘‘As I understand it, if they set up a new satellite agency in the Depart- 
ment of Defense, that would not mean that the present Air Force facilities, the Air Force 
personnel and the Air Force research could not, under the direction of that agency, go forward 
and go forward along the lines that you are saying. 

“I would not interpret a new agency to mean that you would put on the shelf and throw 
away all, discard all, that you people have done, discard your efforts. 

“Now, isn’t that your understanding?” 

General Schriever. ‘‘Yes. 

“Let me clarify that point. I will read that again where I say that a separate astronautics 
management agency, and by that I want to clarify the word ‘management,’ I mean an operating 
management organization which has a large technical staff, and has its own procurement agency. 

“I think we do need an agency which will formulate policy and approve total program for 
the Defense Department, and give direction.” 

Senator Stennis. ‘‘And give you the job to do; is that right?’ 

General Schriever. ‘But I think the existing—that is right, in part. I am not saying I 
should have it all.” : 

Senator Stennis. ‘I know. But hand it down to you, and you take it from there.” 

General Schriever. ‘‘That is right. But we will be directed by that agency; I expect that. 

“I think earlier I said we ought to have a strong direction agency that makes decisions . 
if that is the way it is set up, I am all 100 per cent for it. 

“But if it attempts to set up a procurement staff and do the contracting out of the Pentagon 
and set up a big technical staff there and make all the technical decisions, I say you are not 
going to set up a very good thing.” 











60 AIR UNIVERSITY QUARTERLY REVIEW 


If we are to take full advantage of our present astronautics potential, 
these are some of the projects we can immediately initiate: 

1. Our present Thor missile with existing second stage hardware can 
place a satellite in orbit with a respectable payload. 

2. By adding existing third stage hardware, this vehicle can perform 
unmanned reconnaissance of the moon at a relatively early date. 

3. A slightly modified Thor plus a high-energy fuel stage which we 
have been developing can make possible initial unmanned reconnaissance 
of Mars and Venus. 

4. The Titan booster when developed plus high-energy second and 
third stages could put much greater weights into orbit and could provide 
extended manned satellite missions. This vehicle could provide manned 
flight around the moon and back to the earth. 

Many far-reaching potential capabilities are apparent as we look more 
into the future and develop the possibilities of thermonuclear propulsion 
and payloads up to hundreds of tons. These few specific examples of capa- 
bilities now at hand and their times of realization, however, strongly empha- 
size the requirement for initiating these projects immediately if we are to 
have any chance of leading in space technology in the 1965-1970 time period. 

The entire astronautics development program which I have touched 
upon can be initiated at once with no dilution or diversion of our ballistic 
missile programs. 

As I analyze the future, if we are to meet the challenging requirements 
of either ballistic missile acceleration or of astronautics, we must recognize 
. where our strongest capabilities lie today, and make certain decisions nov. 
The decisions we make today will exert momentous influence on where we 
stand tomorrow, and must point to well-planned, clearly-defined objec. 
tives. Today’s situation calls for bold decision and calculated risk and funds. 


Air University Quarterly Review 
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The Ballistic Missile and 
Its Elusive Targets 


Major KENNETH A. SMITH 


BALLISTIC missile is hurtling through space at fantastic 

speed. The many thousands of parts in the missile are 

working to perfection. As the shrunken world spins be- 
neath the high arc of the flight path, the missile’s guidance system 
automatically but delicately performs the small corrections that 
keep the huge missile on its preset trajectory. At the correct point 
in space the engine suddenly burns out. The aft section separates 
cleanly and the warhead streaks on alone, up and on over the 
apogee. Now it slants earthward toward the selected target. Will 
the missile hit the target? 

The survival of the free world may well depend on the answer 
being yes. Assuming that the missile is functioning perfectly in 
every detail as the designers intended it to, we should also be able 
to assume that the answer is yes. One small detail could change 
the answer to no—even though the missile components function 
perfectly. Is the target actually where we thought it was—that 
target 5500 miles away from the launch pad, separated from it by 
broad oceans and vast land areas for which we have no accurate 
maps? Geographical and political boundaries may have prevented 
our mapping the target area accurately and tying in precisely the 
geographic coordinates of launch pad and target. 

For hundreds of years map makers have been attempting to 
pinpoint one given place in relation to others across the face of 
the earth. The slight inaccuracies have always been an annoy- 
ance to navigators, but until recently the slow speed of the means 
of transportation allowed ample time to correct for the errors. 
With the coming of high-speed, long-distance aircraft the diff- 
culty became somewhat aggravated, but still there was some time 
to make computations and a crew was along to correct naviga- 
tional errors by taking visual sightings. Even in bad weather 
the radarscope or radio and radar navigational aids were avail- 
able to the crew. With all these checks available the error to 
worry about was the human error of the navigator rather than the 
reference errors in the maps. 











62 AIR UNIVERSITY QUARTERLY REVIEW 


But with the coming of the ballistic missile the problem has 
suddenly assumed critical importance. All traditional navigation 
devices for correcting map error have no use here. The only 
things that matter are the validity of the information set into 
the guidance system before launching and the faithfulness of the 
missile’s guidance system in keeping the missile on its trajectory, 
Of course such a system assumes that the location of the target 
in relation to the launch pad can be plotted precisely. It is this 
assumption that we must make come true by finding means to 
link our North American Datum system to those for other conti- 
nents. This is one more science in which we are operating under 
an informational handicap, for the details of the North American 
Datum have been available to the rest of the world, including 
Russia, while comparable detail from the Russian datum has not 
been available to us. Presumably the Russians have been able 
to tie their datum into ours and can now pinpoint targets on this 
continent. We do not necessarily have to have their information 
to achieve the same accuracy ourselves. We do need more geo- 
detic data than we have as well as more detailed information on 
the location of targets. But with some additional geodetic data 
there are methods that will enable us to extend our own datum 
system to cover other continents. 

The purpose of this writing is to review what has been ac- 
complished toward compiling the geodetic information for use in 
the ballistic missile program and to discuss the methods that can 
be used to supplement the mapping information in areas now in- 
accessible because of political or other obstacles. 


what has been accomplished 


Since World War II there have been considerable advances in 
the reduction of different national surveys into large, unified 
geodetic systems. This was done by readjustment of existing con- 
tinuous surveys and by direct connection between different sys- 
tems. In general the connection systems have been limited to 
continental boundaries because of difficulties imposed by large 
bodies of water that separate most of the continents and by cer- 
tain borders that have been closed for political reasons. The 
relationship between the North American Datum, the European 
Datum, and the Russian datum can only be estimated when com- 
paring plotted positions on the separate datums. Estimates of the 
amount of error vary from hundreds to thousands of feet. Errors 
can also be introduced when trying to tie two surveys together 
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even though they are on the same continent. The Russians at- 
tempted to join the Pulkovo and Svobodny Datums near Kras- 
noyarsk and found an error of about 2700 feet. Recently the 
Army Map Service reported a correction in the placement of the 
Palau Islands in the Pacific Ocean. The islands’ position has been 
moved 4000 feet northwest of their previously recorded position.! 


problems of mapping and surveying the world 


If the world were a perfect sphere many of the mapping and 
surveying problems would not exist. The fact remains there are 
hills and valleys on the warped surface of the earth and a slightly 
shorter axis runs through the earth pole to pole than through 
it at the equator. It is these odd qualities that complicate our 
problem of referencing points accurately on the face of the earth. 
As a basis for starting a survey or datum a sphere must be de- 
veloped which is as representative as possible of the actual shape 
of the earth. For this purpose an ellipsoid is chosen, the equa- 
torial axis measured, and the flattening effect introduced by the 
shorter pole-to-pole axis determined. 

There are five quantities that must remain constant when 
developing a datum. There must be an initial point from which 
to start the survey. The ellipsoid must be defined by length of the 
equatorial axis and flattening effect on the meridian. The initial 
point coordinates and the azimuth direction from which to start 
the survey must remain the same throughout the development 
of the datum. Change one quantity and the whole datum will 
have to be recomputed. 


North American Datum. The 1927 North American Datum 
is the result of readjusting the triangulation of the United States 
and then tying into it the geodetic datums of Mexico and Canada. 
The initial point is located near Meades Ranch in Kansas. The 
datum is referenced to the Clark Ellipsoid developed in 1866. 
Information from the North American Datum is available to all 
nations of the world. 


Russian geodetic datum. Russia at one time had two inde- 
pendent geodetic datums in progress. An attempt was made to 
link the old Pulkovo Datum with the Svobodny Datum at several 
points near Krasnoyarsk. There was a discrepancy, as previously 
stated, in plotted positions on the two datums of about 2700 feet. 
Since each datum has a different initial point the error was un- 
avoidable. Investigation revealed that the error was caused by 
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using separate initial points referenced to the Bessell Ellipsoi 
developed in 1841. In 1946 the Russians stated that a new datun 
called the 1942 Pulkovo Datum would be computed and refer. 
enced on an ellipsoid developed by Krassowiski and Izatoy in 
1938.? 


Single world geodetic datum. A single world geodetic datum 
would certainly be the most ideal situation for computing the 
target coordinates for use in the ICBM guidance system. In order 
to establish accurate information between two or more geographi- 
cal positions, the points must be referenced on the same geodetic 
datum using the same ellipsoid. The main difference between the 
various computed ellipsoids lies in the length of the equatorial — . 
axis and the flattening effect on the meridian. The following table 
lists most of the important earth ellipsoids: 





author year a 1/f 
Everest 1830 6,377,276 meters  1/300.8 
Bessell 1841 6,377,397 “ 1/299.15 
Clark 1880 6,378,249 “ 1 /293.5 / 
Bonsdorft 1888 6,378,444 “ 1/298.6 = x 
Helmert 1907 6,378,200 “ 1/298.3 ¥ Y 
Hayford 1910 =6,378,388 “ 1 /297.0 Ng 
Heiskanen 1926 6,378,397 “ 1 /297.0 a 
Krassowiski/Izatov 1938 6,378,245 “ 1 /298.3 
Jefferies 1948 6,378,099 “ 1 /297.1 
Ledersteger 1951 = 6,378,315“ 1 /297.0 
NoTE: a = equatorial axis 

1/f = fractional value for flattening of meridian 





Of these ellipsoids, the Everest, Bessell, Clark, Hayford (now 
known as the International Ellipsoid) , and Krassowiski/Izatov are ; 
the surfaces of the most important and extensive surveys. 


methods of extending geodetic control 


Eac 

There are several methods of extending geodetic control. and 

These methods are capable of spanning large bodies of water and , jn 5 
° ° ° . , 

in some cases land areas that are otherwise inaccessible. The -_ 

geodetic methods are: geo 

The Hiran, or direct method; 
The celestial, or semidirect method; “a 
ea 


The gravimetric, or indirect method. 
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Hiran Geodetic Mapping 


Each method of extending geodetic control has a definite use. 
Each provides an acceptable accuracy—defined by the U.S. Coast 
and Geodetic Survey as error in line extension of less than one part 
in 50,000. The gravimetric method offers an excellent procedure 
for developing a world geodetic datum and can be used to establish 
geodetic controls in land areas that are closed for political reasons. 


Hiran method. Hiran (High Precision Shoran) operates on 
the transponder-responder principle and can be considered a radar 
beacon system. The airborne transponder alternately transmits 
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two groups of pulses at different frequencies in the 210—290 mega |" 5 
cycle (mc) band. Ground stations tuned to the transmitted fre 8°" 
quency respond independently to the pulses received from the air- 
borne transmitter. The ground transmitter utilizes frequencies 
in the 290—330mc band. By measuring the difference in travel time 
of the signals from each ground station to the aircraft, we establish 
a known position of the aircraft at any one instant. The timed 
pulses are displayed on a cathode-ray tube in the aircraft and are 
superimposed on the marker pulses to determine the exact dis 
tance from each ground station. 

The Hiran method also makes use of a technique called line 
crossings or trilateration to measure long lines with great accuracy. 
These lines can be used to form a net of high-order horizontal con- 
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trol over large areas inaccessible to land survey parties. Line 
measurements are made by flying the Hiran aircraft along a line 
between or past two Hiran ground stations. This method of posi- 
tion fix or line crossing is an excellent method of extending geo- 
detic control into new areas of unmapped territory or it can be 
used to extend a line across water areas to establish new geodetic 
control.2 The error in the Hiran method runs approximately one 
part in 120,000. 


Celestial method. There are three different celestial methods 
for establishing a geodetic point—the solar eclipse, the occultation 
of a star, and the moon camera method. The solar eclipse 
method was developed for measuring distances across the oceans by 
Ilmari Bonsdorff, the late Director of the Finnish Geodetic In- 
stitute. He measured by the sound film technique the exact mo- 
ment when a total eclipse began and ended at two stations situated 
on different continents. The positions have to be along the path 
of the total eclipse. This method was tried during the last four 
total eclipses in 1945, 1947, 1948, and 1954. Observation of the 
total eclipse must be made at both ends of the geodetic line. The 
weather did not cooperate too well. The 1954 eclipse provided 
the only successful sightings. —These enabled a line to be extended 
across the Atlantic from the United States to Sweden. The error 
of the solar eclipse method could be in the realm of approximately 
one part in 75,000.* 

In the occultation method the exact transit time when a 
star disappears behind the moon is recorded and again recorded 
when the star reappears. The exact distance of the moon must be 
known and the points are then computed by the same method as 
in solar eclipse. Each station along the occultation track must be 
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| fre. set up to record the time the star disappears and reappears.® 
ae] To use the moon camera method of William Markovitz, of 
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_ Major Kenneth A. Smith, B.S., Brigham Young University, is presently a student in 
_ the Command and Staff School, Air Command and Staff College. During 1942-43 
he flew 55 combat missions in the Middle East Theater as a navigator with the 12th 
_ Bomb Group. From 1948 to 1951 he was a select crew member with the 43rd Bomb 
Group (SAC), Davis-Monthan AFB, California. He was a wing observer wht the 
43rd Bomb Wing in 1952 and with the 98th Bomb Wing, : 
he Korean War. Subsequent assignments have been as an Hi 
io 24 te Dickion, Cais, und dhe Bea Ate Poraly Weenaes 
>on inactive status in 1946-47 he worked with an oil comp 






line 
‘acy. 
con- 























Gravimetric 


= 1, star 7 


\ vertical to 
ae : surface of earth 
star ly \ 
‘ 





ellipsoid 
vertical 












d : 
vertical ® : 


deflection 





1. Geodetic points A and B are ob- 
tained from celestial observation, accy- 


rate map grid, or geodetic datum and 
corrected for gravitational deflection. 





moon and surrounding stars from several distant points at the 
same exact time. By comparing the moon’s position in relation to 
the surrounding stars and measuring the angular differences in 
position of the stars, then knowing the direction of the moon from 
the observatories, the distance between the observatories can be 
quite easily computed. According to Markovitz, the accuracy of 
40 meters can be obtained for the positions.* The over-all error 
of the celestial method is less than one part in 50,000. 


Gravimetric method. The gravimetric method is essentially 
a procedure of reducing the shape of the earth geoid configuration 
to an ellipsoid shape so that we can measure distance and direction 
between any two points on the earth’s surface. The undulations 
and the deflection of the vertical are determined by measuring the 
gravity anomalies which exist over the surface of the earth. The 
smoothing out of the undulations gives a more representative 
shape of the earth and the deflection of the vertical provides in- 
formation needed to correct positions of latitude and longitude 
that have been determined astronomically and to reference these 
corrected values directly to the chosen ellipsoid without recourse 
to triangulation. 

Dr. Heiskanen of the Ohio State University Mapping and 
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re tae ferred to any map or datum that is 


onto the international ellipsoid. 


Charting Research Foundation has outlined a method for estab- 
lishing a world geodetic datum using the gravimetric method.” In 
order to arrive at a world geodetic datum—or world system of co- 
ordinates—there must first be a reference ellipsoid that can be 
used world-wide. The International Ellipsoid, developed in 1910 
by Hayford, seems to be one of the best available. Also there will 
have to be a suitable gravity formula with which to compare the 
representative gravity measurements. The international gravity 
formula suggested has the following value: 


y = 978.0490 (1 — $.0052884 sin? ¢ — $.0000059 sin? ¢) . 


In order to get the gravity values as representative as possible the 
observed gravity reading must be reduced isostatically to sea level 
and compared to the above theoretical international value. From 
this comparison we get the needed value of gravity anomalies 4g: 
which can be used to calculate the deflection of the vertical plumb 
éand 7. In addition to this method of calculating the value of é 
and 7 Dr. Heiskanen explained another method which was adapt- 
able to short triangulation nets. The astronomical observation 
values of latitude ¢’, longitude 4’, and azimuth A’ and the cor- 
responding values of ¢, A, and A are computed geodetically and re- 


based on the international ellipsoid. 
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ferred to the ellipsoid. From the observed values and the com. 
puted values, é and 7 are found by the following formula: 


é=¢'-—¢ 

n = (A’— A) COS ¢, or 

n = (A’-— A) cotan ¢ 
This method of determining the value of é and y can be used over 
limited areas. The measured arcs cover only a relatively small 
part of the earth’s surface, and such triangulation nets cannot be 
carried across oceans. 

If the problem is turned upside down and the formula rewrit- 
ten in the following manner, we can convert astronomically ob- 
served quantities of ¢’, 4’, and A’ to the quantities needed for a 
reference ellipsoid ¢, A, and A: 


o=¢'—é 

A=N—ySeCe 

A= A’-—ytan¢ 
This gives the quantities of ¢, A, and A which can be referenced 
directly to the ellipsoid selected without recourse to triangulation. 
Here indeed is a method of computing a world geodetic datum 
utilizing all the observations recorded to date regardless of the 
referenced datum or original ellipsoid used. 

It must be remembered that the use of gravity anomalies to 
determine the value of the vertical deflections é and 7 is no magic 
method. It is an elastic tool in the hands of the geodesist. It is 
also possible to transter the coordinates of latitude and longitude 
taken from an accurate map directly to the gravity datum by ap- 
plying the recorded values of the vertical deflection for the mapped 
area. The mapped area must have a reliable grid of latitude and 
longitude. One additional advantage can be utilized in the 
gravimetric method of using isostatically reduced anomalies: it is 
possible to obtain an acceptable value of the gravity anomalies by 
using the average value to compute the needed vertical deflection 
éand 7». While some error will be introduced, the error will not be 
large enough to prevent the calculation of the target position 
when using weapons of a large blast radius. Using the tools of 
gravimetric datum the following results can be obtained: 


e The determination of a general world geodetic datum— 
or world system of coordinates—using the information of the 
many existing datum systems, such as the Russian, Swedish, and 
European, in the gravimetric datum without the task of recom- 
putting all the datums. 
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e The computation, based on the world geodetic datum, 
of the geographic coordinates of any important point in the world 
where astronomical observations exist. It is also possible, using 
the coordinates of a point taken from a reliable map having an 
accurate grid, to compute the coordinates directly to the gravi- 
metric datum if the gravity anomalies are available. The error 
between two points, computed gravimetrically using celestial ob- 
servations and accurate vertical deflection measurements, should 
be no greater than 50 meters. This is well within the accuracy of 
Hiran or celestial methods. 

e The accurate computation of the distance and direction 
between launch point and selected target of ICBMs. 


Considerable work has been accomplished on the gravity 
measuring requirement. Some parts of the world have thousands 
upon thousands of gravity measurements recorded. Much of the 
world still remains to be worked, but certain parts of the world of 
interest to the ICBM program are well covered. In 1950 the Air 
Force Cambridge Research Center established a world-wide 
gravity measuring program. No less than 30 countries, many lead- 
ing’ oil companies, and prominent geodesists from all over the 
world are cooperating in this program to solve the problem of 
gravity data coilection.® 

About one fourth of the world has been mapped accurately 
to the scale of 1/250,000. Approximately two fifths of the world 
has been mapped to the scale of 1/1,000,000 or larger. The areas 
that have been mapped and the gravimetric measurements offer 
an excellent source of information on which to base a datum com- 
puted gravimetrically. Celestial observations taken from available 
datums such as the Pulkovo, European, and others will furnish 
additional information. 


the future 


The Hiran method of extending geodetic control has been 
used extensively by the armed forces. Hiran is limited in its 
range over land areas, since United States aircraft are not allowed 
to fly over many parts of the world because of political differences. 
The celestial method has been used, but the observations of solar 
eclipse, star occultation, and moon camera methods are all de- 
pendent on visual sighting of the celestial bodies. The weather 
does not always cooperate. When using the celestial method ob- 
servers have to be in place at both ends of the line to be extended. 
Here again certain areas are inaccessible and cannot be covered 
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by the celestial method. The gravimetric method of extending 
geodetic control presents the best method of developing a world 
geodetic system because it references any available geodetic in. 
formation to the reference ellipsoid without recourse to triangv. 
lation. The gravimetric method is the only one that can extend 
geodetic control to areas that are now totally inaccessible to the 
United States. 

Can the ICBM hit the target? If we get the proper distribu. 
tion and density of gravimetric readings and use the gravimetric 
method to establish a world geodetic datum—or a world system 
of coordinates—for calculating the precise relationship between 
the launch point and the target, the answer can and must be yes. 


Air Command and Staff College 


NotEs: 


1 Military Engineer, No. 332, November-December 1957, p. 469. 


2B. Szabo, Geodetic Datums and an Estimate of Their Accuracy, Aeronautical Chart and 
Information Center, April 1956, p. 28. 


3 Air Force Manual 100-1, Vol. 2, Communications and Electronics, Department of the Air 
Force, December 1952. 


4W. A. Heiskanen, Intercontinental Connection of Geodetic Systems, Ohio State Research 
Foundation, May 1955, p. 8. 

5 Ibid. 

6 Ibid. 

7™W. A. Heiskanen, The Geodetic Significance of World Wide Gravity Studies, Ohio State 
Research Foundation, Technical Paper Number 124, November 1950, pp. 41-42. 

8 Heiskanen, Intercontinental Connection of Geodetic Systems, op. cit., p. 16. 
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Officers and Missiles 


LIEUTENANT COLONEL WILLIAM L. ANDERSON 


fered this counsel to the City of Los Angeles during a 

public forum on the necessity for jet-age airport expan- 
sion. His advice was accepted in that case because the circum- 
stances of jet transport handling were sufficiently clear-cut to en- 
able an affirmative decision. Unfortunately the factors in some 
departmental-type decisions are not so sharply defined. Where the 
decision must encompass a series of increments, perhaps even to 
the point that at the time of the decision the nature of the more 
distant increments cannot be too clearly seen, the problem be- 
comes one of finding certain principles that seem to hold maxi- 
mum validity under changing circumstances. This is exceedingly 
difficult. 

The planning for the officer personnel requirements in the 
ballistic missile program involves this kind of decision. Laying 
down principles for it would be difficult at best. But the problem 
is being even further complicated by partisan debate: who is to 
be the backbone of the ballistic missile force, the rated or the 
nonrated officer? The rated officer sees a new weapon family, 
abetting manned aircraft, which demands the experience of the 
pilot-commander for effective use. The nonrated officer sees the 
opening of new opportunities. He senses the great career leverage 
offered by missile duty. As is so frequent in such debates, both 
groups are arguing on the basis of generalized and often mistaken 
information or assumptions, and both have some truth on their 
side. 

For the Air Force the risk in this imagined conflict of interest 
is that it will invoke unrealistic personnel policies designed to 
settle an empty issue. This would be most unfortunate, for the 
ballistic missile force ought to be manned not in terms of how 
we split up the new pie among interest groups but rather in 
terms of an understanding of what the missile needs and in what 
direction this new weapon is likely to evolve in the future. 

The intent of this article is to relate what the experience has 


WV ies in doubt, do the right thing.” General Spaatz of- 
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been thus far in officer manning of the missile force, what the — 














requirements for the initial force seem to be, and what gener | ©M¢! 
direction is portended for the future. When this is understood {| 8&2© 
there is no real conflict of interest. Rather there should be abun. | little 
dant opportunity for the fullest use of both rated and nonrated rated 
officers. More than opportunity, there will be an insatiable de | A®Y' 

mand for competent officers with diverse skills. 
;  missi 

how missile units have been manned thus far | 
Since the activation of the first ballistic missile operational | ' ™ 
units, personnel requisitioning has never been in terms of rated | V!0US 
versus nonrated officers. Many of the special skill requirements and | 
of ballistic organizations could best be satisfied from groups of I “ 
nonrated officers. A number of pilots have been assigned, but the * lieut 
total has been considerably less than expected. This does not | S€V¢ 
mean that only a handful of pilot officers will be used in this | Whic 
program. It is simply that many early requirements for specialized | "td 
officers were circumstantially filled from nonrated sources. Sev- | 24 | 
eral command positions were filled from rated groups. Again this | One 
has not been by design. It is simply that there are more experi- perc 
enced commanders available from rated sources as a result of part 
past assignment policies. eithe 
It has been interesting to observe rated and nonrated officers able 

working together in a ballistic missile organization. On the whole 
it has been a very harmonious arrangement. In some areas of _— 
planning the special and often unusual training of nonrated of- ‘a 
ficers has been irreplaceable. For example, computer program. } ™€! 
ing and supervision of the preparation of target guidance material | “CW 
} represent areas where the abilities of certain nonrated officers are b. 
especially noticeable. On the other hand rated officers have been figur 
particularly active in such areas as emergency war planning and a 
C. 
ficers 
vides 
d. 
Lieutenant Colonel William L. Anderson, Virginia Polytechnic Institute, is Deputy | |" 
Director of Personnel, Ist Missile Division. After a brief tour in the Army and ff samc 
graduation from flying school in 1944, he served a year in the China-Burma-India 

_ Theater. After the war he was a base adjutant and operations officer. Much ¢ since 
_ his later duty has been in personnel work. In 1949-50 he was Chief, Milit persc 
_ Training Division, Hq Air Training Command, responsible for staff attention to emp! 


_ basic military training centers and the Officer Candidate School. In 1951-53 he 
an assistant executive officer to the Assistant Secretary of the Air Force, and la 
he served in the Directorate of Manpower and Organization, Headquarters US. 
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crew rotation. These areas of interest overlap, and of course such 
conclusions are of the broadest nature. There are exceptions. In 
general the question of whether an officer is rated or not is of 
little interest in this organization. It is just a case where both 
rated and nonrated talents find an abundance of opportunity. 
Any debate over rated qualifications is beside the point. 


missile manning and AF officer requirements 


As a background to qualifications for missile posts, we need 
to take a look at officer requirements of the past decade. Pre- 
vious requirements must be compared with ballistic missile needs 
and the points of difference marked. At the end of World War 
II an Army general stated that the AAF needed “fighting first 
lieutenants” in the postwar era. And that is what we got in the 
several integration cycles. The first lieutenants fell under a policy 
which estimated that 70 per cent of Air Force officers should be 
rated. There was never an enthusiastic acceptance of this policy, 
and arguments have rumbled on through the intervening years. 
One air base was even manned largely with rated officers, each 
performing some nonflying additional duty. The fact that this 
particular base evidently was operated satisfactorily testifies 
either to the impotence of personnel policies or to the remark- 
able malleability of the average officer. 

Historical validation of rated requirements for manned sys- 
tems has usually been on the basis of: 

a. Equipment-Inventory Positions—a relatively fixed require- 
ment factored by a staff determination of number of pilots or 
crews per unit of equipment. 

b. Emergency War Requirements—the customary mobilization 
figure. Usually considered in light of production potential after 
M-day. “Tends to vary inversely with complexity of manned sys- 
tems. 

c. Rotational Positions—provides periodical interchange of of- 
ficers between command-operational and staff assignments. Pro- 
vides an undetermined portion of emergency war requirements. 

d. Staff and Command—positions where aeronautical ratings 
lend effectiveness to the performance of the incumbent. Often the 
same requirement as the preceding one. 

Spectacular improvement in manned aircraft performance 
since 1945 has profoundly altered the true requirements for rated 
personnel. New performance levels in equipment justify new 
emphasis on rotational assignments. Too much staff activity goes 
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on without sufficient appreciation of the true nature of high- 
performance aircraft operations. The conditions of extreme alert. 
ness and dispersal under which the manned force must operate 
can best be understood through an assignment policy which brings 
large numbers of field-grade officers to operating-level duties in 
the combat wing. Hence there is an immediate validation, not 
for more pilots, but for recognition that rated personnel must be 
increasingly fed into the combat and operations field. An example 
of the present lag is that about two thirds of the regular officer 
group are currently serving outside the combat and operations 
area. This results in large numbers of rated officers becoming 
tagged as specialists in some administrative area where they may 
stagnate. Ultimately this degenerates into a system of arms and 
services, with all the attendant disadvantages of a strictly parti- 
tioned organization. 

Acceleration of rotational assignment procedures for rated 
personnel ought to be accomplished in light of a new major in- 
fluence: requirements for an emergency war utilization of staff 
crew members are steadily diminishing. Production potential of 
current aircraft following an M-day will be limited indeed. Part 
of this limitation may be caused by strike damage from enemy 
forces. But the duration of a future major conflict will no doubt 
be less than the lead times required to accelerate production. 
Since only a limited number of additional aircraft will be avail- 
able following an M-day, rated personnel in the emergency war 
requirements category must be both able and adaptable indi- 
viduals. The ability of an officer to satisfy an emergency require. 
ment quickly is generally correlated to his recent experience in 
high-performance aircraft. This lesson has not been lost. The 
current reviews of flying status have been considerably stiffened 
and effectively act to cull the marginal performer from this cate- 


gory. 


need for rated officers in ballistic missile force 


Now consider the nature of requirements for operations and 
combat types in the ballistic missile force. First, there is the same 
need for satisfying the equipment-inventory positions as in the 
case of a manned system. Routine rotation between staff and 
missile operating posts is similarly necessary. Indeed it is urgent, 
for few major staffs have enough knowledge of missile operating 
techniques at present. Knowledge of missiles will also, as in the 
case of aircraft, lend effectiveness to the performance of indi- 
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viduals in staff positions. These are abiding requirements. One 
striking difference with missiles is that no emergency war re- 
quirement exists. Neither time nor circumstance will allow bal- 
listic missiles to be manned with a view to strengthening the crew 
after some projected M-day. Nor is it likely that such a require- 
ment will be justified in the future. Ballistic missile units are 
planned as a totally ready force capable of extremely quick re- 
action. This reaction follows a hard rule: launch preparations 
must be quicker than the flight time of the enemy missile. ‘This 
rapid launch capability may alter a number of operating pro- 
cedures and policies, ranging from handling of bench stocks to use 
of reserve forces. The first effect, however, is the requirement for 


Strategic Bomber Pilot Versus Launch Control Officer 


Pilot, Strategic Bomber Function or Requirement Launch Control Officer 
yes plans missions no 
yes pilots aircraft no 
yes supervises crew training yes 
yes directs flying activities no 
yes must know theory of flight no 
yes must know radar bombing no 
no graduate of launch control course yes 
no mandatory technical undergraduate ~ yes 
training 


complete crew manning on a regular duty-shift basis to provide a 
quick reaction time around-the-clock. 

The debate concerning the actual need for pilots in local 
missile operations may be settled quite easily. Missile officers 
obviously do not need to be rated officers. 

If it is irrefutable that actual missile operation does not re- 
quire a rated officer, it should be equally plain that this applies 
only to a very local situation within missile units. Several in- 
fluences make it essential to consider the role of the rated officer 
above the crew level of missile operations. Foremost is the case 
of the planner in most staff functions. In the foreseeable future 
the USAF will use both manned and unmanned systems. Effective 
planning from the wing level upward requires a familiarity with 
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the operational use of both missiles and aircraft, for the two types 
of weapons cannot effectively be employed separately. Secondly, 
there is the question of availability of officers with command ex. 
perience. Notwithstanding the numbers of excellently qualified 
nonrated officers, it will doubtless be necessary to turn to the rated 
resource because of the numbers of commanders required for mis. 
sile organization. Here is a case where the demand for effective 
commanders probably outstrips future availability. Weapon for 
weapon, ballistic officer requirements in the near future will ex. 
ceed those for manned systems by over 200 per cent. It is im. 
portant to remember that instantaneous availability of operational 
ballistic missiles cannot be equated with manpower economy. 

Use of the rated officer in ballistic organizations should not 
only be a matter of necessity, but must enhance the experience 
of the individual. It ought to be practiced to a considerable ex- 
tent on a rotational basis. Certainly such assignments must never 
be allowed to sever the relationships of an officer with manned- 
force employment. For it is the dually experienced officer who 
offers the elite planning and management capabilities for the 
future. We need to be particularly sensitive about the relation. 
ship of the manned and unmanned forces; otherwise interim 
missile developments may tend to produce a fissured officer corps. 
This could be doubly unfortunate, since interim missile develop- 
ments may be quite uncharacteristic of the future. 


operational missiles and beyond 


Missiles mean all things to all men, or so it seems. The public 
imagination has been sufficiently captured by missile news so that 
we have a popular conception that here at last is the means for 
push-button war. So a word of caution is in order. A ballistic 
missile is not an all-purpose weapon. Despite its obvious destruc- 
tive power, its value may be limited by the very fact that it is an 
all-or-nothing device. At the end of diplomacy road, and some- 
times before the end, armed force is useful in varying degrees to 
attain national objectives. A ballistic missile is essential for ex- 
istence; for some time it will be the quiet big stick. Yet it lacks 
the visible international glamour of a White Fleet or the unde- 
niable influence of a nonstop, around-the-world flight by strategic 
aircraft. It also lacks “presence,” in the sense that deployment 
is necessarily a somewhat remote undertaking. Picture for ex- 
ample the paucity of interest or even knowledge on the part of 
the typical Asiatic about the existence of an ICBM complex in 
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northwestern United States. Totality is the leading characteristic 
of a ballistic missile force. 

The fact that a weapon lacks complete versatility does not 
mean that its development is frozen. Ballistic missiles are today 
weapons of singular destructive capability, while the airplane was 
initially a specialized reconnaissance device. But ballistic devices 
may become extraordinary surveillance vehicles. They may be 
mutated into fantastic travel conveyances so that what is regarded 
as a dream today will be commonplace within this century. Com- 
mercial uses of ballistic techniques are sure to come. Diverse 
military benefits ranging from logistics to weather research and 
forecasting are anticipated. Despite these promises for the future, 
all such performance will necessarily be slow in coming. Conse- 
quently there can be no wanton abandonment of existing special- 
ized forces, for the fundamental reason that there must be func- 
tioning replacements. Moreover a manned system has a special 
dimension in its ‘““option-performance”’ capability. The presence 
of a man provides a special potential in system operation. Here 
then is an impressive argument for the inclusion of man in many 
high-performance systems of the future. And it is the special 
benefit of the man-machine relationship that leads to the conclu- 
sion that aircraft, or manned air vehicles, will ultimately make 
use of the extraordinary propulsive force characteristic of the 
ballistic missile. 

A most dramatic element of ballistic developments is the 
engine. In this component lies the key to future development in- 
volving the role of man in military vehicles. Man has always 
sought to associate himself most intimately with his scientific 
products. Whether for war or peace, he has always been the 
central beneficiary in the development of a means of conveyance. 
In improving his travel methods, he has usually improved his 
ability to conduct a war. Abundant objectives justify these de- 
velopmental efforts, for combat success usually has as critical in- 
gredients the velocity and performance of a vehicle. We need then 
to look ahead and see what sort of intimate relationship man 
might conceive so as to take advantage of new propulsive forces. 

It is the coming juncture of aircraft and missiles that justifies 
the closest current relationship between crews of present manned 
systems and the array of ballistic missiles. For unmistakably we 
may expect a coincidence in engine performances in manned and 
unmanned vehicles so as to produce essentially a single group of 
vehicles, adaptable to a variety of performance objectives. This 
promises not the exclusion of man or of an aircrew, but rather 
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the imminent demand for their presence. An estimate of this 
development is contained in the accompanying chart. It is a crude 
projection, largely based on thrust growth since 1945. This does 
not mean that it is necessarily optimistic. The chief conclusion 
is that we shall have manned space vehicles operating in less than 
10 years. Weight considerations as listed by experts would seem 
initially to limit the vehicle crew to a single operator. Solid-fuel 
propulsion for engine simplicity appears a logical probability. 
Flight conceivably would vary from a few hours to perhaps a day 
or two. Since the residual vehicle weight at re-entry would be 
low, no special landing problems are envisaged. Of course the 
pilot would be concerned with weather at his chosen destination, 
so he would require a reliable homing procedure for the final 
navigation phase and for the selection of alternate landing places. 

A second conclusion drawn from the requirements projection 
is a long-term reduction in manned vehicle crew requirements, 
including aircraft. This is essentially due to the correlation of 
cost and performance, which provides something of a limit. More- 
over, as in the case of present-day transport planes, future ve- 
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hicles of all classes may be expected to provide an increasing func- 
tional yield. Compare, for example, the value of a single 
reconnaissance vehicle in orbit with the massive World War II 
efforts in reconnaissance. 

National interests demand that the Air Force achieve a capa- 
bility to deny a potential enemy the military use of space. This 
may require an unprecedented national effort. Certainly the need 
for decision is near, for international competition has already 
drawn the issue of survival in the space age. It is against this 
background that the specialized potential of a ballistic missile 
ought to be considered. Combat during the space era requires 
action aloft, and surface destruction may become so incidental as 
to be unnecessary. Space vehicles, manned and unmanned, will 
ultimately exceed the usefulness of ballistic missiles. Moreover 
gross manpower requirements for space vehicles will eventually 
exceed requirements for operation of ballistic missiles by a wide 
margin. 

We can either regard the ocean of space as open and free to 
all or as a medium that must be controlled by some method. 
Either alternative automatically excludes a number of lesser na- 
tions, because of the capital costs of space activities. So it boils 
down to an issue between the large, industrialized countries. Since 
mutual confidence is uncharacteristic of international relations, 
there really is no option. The taking of the necessary steps to 
acquire a space capability is essential to our national survival. It 
is against this unfolding age and challenge that the trivial argu- 
ment of roles for rated and nonrated officers is heard. It is hearten- 
ing to realize that the demands of the space age will shortly drown 
out this minuscule debate. There is as much scope as all of them 
can handle, and the roles of the nonrated specialist and the pilot 
are going to become so interdependent, each so indispensable to 
the other, that grounds for argument will be inconsequential. 


Headquarters Ist Missile Division 





Fundamental Equations of 


Force Survival 


CoLONEL RoBERT D. Bowers 


tionally held the policy of fighting only in retaliation to 

blows struck against her by an enemy. So deeply rooted is 
this policy that we have clung to it even in this age of nuclear 
weapons and high-performance, globe-girdling delivery vehicles. 
We have acknowledged the high degree of national peril involved 
in this free choice by building and maintaining in peacetime large, 
combat-ready retaliatory forces. Deterrence, and the ability to 
retaliate if the deterrence fails, are dependent on the ability of our 
retaliatory force to survive initial attack and still have the capa- 
bility to inflict an unacceptable degree of damage on the enemy. 

Such a force must of course be developed, built, trained, and 
its employment planned long before the outbreak of war. Of the 
many new factors involved in this process one of the most critical 
is the computing of the portion of the retaliatory force that will 
survive the enemy’s initial attack. All persons engaged in national 
defense may encounter this problem at one time or another. It is 
encountered often these days by the military planner. What 
factors are important in force survival? How do they interrelate? 
How much emphasis should be put on each? 

Although there are professional operations analysts and study 
organizations such as RAND to turn to, planners are often faced 
with the necessity of estimating answers to questions such as these 
in advance of the completion of rigorous analyses. The equations 
developed here are the tools for making such estimates, and they 
can also be used to better understand and define problems pre- 
liminary to more detailed analyses. 

The term “fundamental” is used to describe these equations 
because certain simplifying assumptions are made in the deriva- 
tions. This procedure may not be sophisticated enough to satisfy 
the strictest mathematicians but it is adequate to show the general 
relationships among the various survival factors. These in turn 
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should be accurate enough for broad military planning where 
many of the parameters—particularly those under control of the 
enemy—can never be precisely known or controlled by the plan- 
ner. Because the equations are somewhat bulky they may appear 
formidable at first glance to those not normally confronted with 
mathematics in the exercise of their daily duty. Closer inspection 
will show that the terms are easy to understand and that the equa- 
tions can be solved by anyone familiar with slide-rule fundamen- 
tals. For those who are not, a graph is included which allows the 
equations to be solved by longhand arithmetic. 
The assumptions used in developing the equations are: 

a. For purposes of terminology it is assumed that the target 
for enemy attack is the U.S. ballistic missile force. For application 
to the U.S. aircraft force, simply substitute “aircraft” for “missile’”’ 
and “‘base”’ for “‘site’”’ in the terminology. 

b. The U.S. sites present point targets to the enemy. This 
assumption is probably more valid for ballistic missile sites than 
for aircraft bases, but it should be sufficiently valid for air bases 
under most circumstances. 

c. The enemy initiates the war by an attack which arrives 
nearly simultaneously all over our missile force. There is no 
launching of U.S. missiles during this short period when enemy 
weapons are impacting. This does not rule out the possibility of 
launching on the basis of warning prior to attack. 

d. All errors contributing to the enemy circular probable 
error (CEP) are normally distributed. 

e. All targets are of equal importance to the enemy, and he 
distributes his attack in an optimum fashion. The enemy has no 
advance knowledge of which U.S. missiles may be launched or 
how many may be launched before his weapons arrive at target. 


Colonel Robert D. Bowers, B.S. in Mechanical Engineering, Indiana Technical Col- 


lege; M.S. in Nuclear Engineering, University of California, has been Assistant for 


_ Plans, Air Force Ballistic Missile Division, since March 1955. After completion of 
_ flying training in 1941, he served for three years in the Flying Training Command. 

He graduated from the AAF Engineering School in 1945, and in 1946 completed 
_ postgraduate Mechanical Engineering, University of California. During 1946-47 
_ he served on the staff of the Air Tactical School. In 1948 he completed studies 
_ in Nuclear Engineering (Effects) at the Navy Postgraduate School. From 1950 
| to 1954 he was in Headquarters USAF, first in the Directorate of Research and 
Development, then in the War Plans Division, Directorate of Plans. Colonel Bowers 
attended the Armed Forces Staff College just prior to his present assignment, 
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f. The lethal, or damage, radius of the attacking nuclear 
weapon is the distance at which a specified static overpressure will 
be exerted. Any target within this radius and vulnerable to the 
specified overpressure will be destroyed. Any target designed to 
the specified overpressure and which is outside this radius will 
escape. * 

g. Sites (or missiles) hardened to a given static overpres- 
sure are also designed to withstand all the other weapons effects 
associated with that overpressure. 

h. The U.S. sites are separated by a distance such that a 
single attacking weapon cannot destroy more than one site and will 
have a negligible probability of hitting a site other than the aiming 
point. This distance can easily be determined when yield, accu- 
racy, and site hardness are known. 

i. The enemy attacking weapon has no alternate target 
capability after it has been launched. 


For a U.S. missile to be destroyed by enemy attack, all of the 
following conditions must obtain: 

e The enemy must know the location of the U.S. missile 
at the time he launches his attack; 

e The missile must not be launched prior to arrival of 
enemy attack; and 

e The enemy weapons must impact within the lethal 
radius. 

The probability that a missile will be destroyed is the product 
of the probabilities that each of the above conditions will obtain. 
Stated mathematically the probability that any one missile will be 
killed or destroyed by enemy attack is:** 


P, = P;(1 — Pr) (1 — Px) (1) 


where P; is the probability that the enemy knows where the missile 
is; 
(1 — P,) is the probability that the missile is not launched 
prior to arrival of the attack; and 
(1 — Py) is the probability that the attacking weapon (s) 
will destroy the target. 
The probability that a missile will survive enemy attack is: 


P,=1=-—P, 


*This is known as a “cookie cutter’ distribution. While it is true that some targets inside 
the lethal radius may escape and some outside may be destroyed, the approximation is adequate 
for our purposes. 

**See accompanying summary of symbol definitions. 
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Definition of Symbols 


P= probability of destroying any one missile; also the expected fraction of the 
force that is destroyed. 


P. = probability of survival of any one missile; also the expected fraction of 
the force that survives. 

e = probability that the enemy knows the location of U.S. missile(s) or that 
he knows there are missiles at any particular site. 

P, = probability that a U.S. missile is launched before arrival of enemy 
weapons. 

1 — P, = probability that a U.S. missile is not launched before arrival of enemy 
weapons. 

P,, = probability that weapon(s) will miss the target, i.e., the weapon(s) will 


all fall outside the lethal radius. 
1 — P,, = probability that weapon(s) will hit and destroy the target. 
R = lethal radius (or radius of destruction) of an attacking weapon. 
C = circular probable error (CEP) of attacking weapon. 


n = number of enemy missiles impacting in each target area. 

W = yield of attacking weapons in megatons (MT). 

H = site hardness in pounds per square inch (psi) of overpressure. 

E = number of enemy weapons assigned to attack the U.S. missile force. 

r = over-all reliability of enemy weapons, i.e., the fraction of the enemy 


missiles that will function adequately so as to impact in the target areas. 


a = attrition rate of enemy weapons by U.S. active defense. 
N = number of missiles in U.S. force. 

k = concentration of U.S. missiles, i.e., number per site. 
NP = the number: of U.S. missiles expected to survive: 











Substituting this expression into (1) : 
P=i=+ Fi - Pit ~ fe (2) 
The probability (1 — Py) that weapons aimed at a point tar- 
get will hit it depends upon the lethal radius, accuracy, and num- 
ber of attacking weapons. 
If one enemy weapon impacts in the region of each site 
(n = 1) , the probability of site destruction is: 


1— Py=1—- ()"”™ 
When n is greater than 1, (n > 1) :* 


1-P,y=l1- (14) ®* 9/0? (3) 


*This is mathematically precise only when n is an integer, but is an adequate approxima- 
tion for any other value of n greater than 1. 





When n is less than 1, (n <1): 


t—Py =e fi — (%) ae} (4) 


The lethal radius (R) can be expressed in terms of the target 
hardness (H) and weapon yield (W) as follows:* 


6w'” 
R si H}/”* (5) 


where R is nautical miles, W is megatons, and H is pounds per 
square inch (psi) . 


An expression for n in terms of the quantities previously de. 
fined can be derived as follows: The number of enemy weapons 
assigned to attack the U.S. missile force is E. The number of as- 
signed enemy weapons successfully launched and functioning 
properly is Er. Ihe number of assigned enemy weapons launched, 
functioning properly, surviving air defense action, and reaching 
the target is Er (1 — a). The number of U.S. missiles is N. If these 
are concentrated with k missiles per site, then the number of 
sites (or targets to the enemy) is N/k. Therefore by definition: 


Er(l—a) __Er(1—a)k 
N/k = = =ON ° 





n= 


The probability that any given missile in the U.S. force will 
survive (which is also the expected fraction of the force surviving) 
can now be found by substituting equations (3), (5), and (6) 
into equation (2). The result is: 


36W 73 Er(1 - a)k 


P,=1-P,(1—P,)]1— (14) °#* (7) 





Equation (7) is for the case where at least one attacking 
weapon reaches each site, i.e., the term Er (1 — a)k/N will be equal 
to or greater than 1.** 

For the case where there are more sites than there are enemy 
weapons reaching the sites, (i.e., the term Er (1 — a)k/N is equal to 

*This expression is for a surface burst and has been derived empirically from the unclassified 
DOD-AEC publication ‘‘The Effects of Nuclear Weapons,”’ June 1957 (AFP 136-1-3). Somewhat 
more precise expressions could be derived for limited ranges of hardness. For an airburst and 
10 pounds per square inch (psi) or less hardness, the expression 10W ¥3/H 0.6 can be used. 

**The form of equation (7) will vary with the assumptions as to how the enemy assigns 
targets to his missiles and the information the enemy has (and uses) about the reliability and 


survivability of his missiles after the launch operation begins. Equation (7) represents the best 
the enemy can do without bomb-damage assessment. 
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or less than 1) , equation (4) , instead of (3) , should be substituted 
into equation (2), resulting in the following expression: 


sew 8 





P, = 1— P,(1 — Pr) rel ee, ie (8) 


All the major factors in force survival are now related in these 
expressions. By use of the appropriate one of the equations the 
expected fraction of the U.S. force surviving can be determined 
for any given set of the parameters. In using the equations the 
assumptions under which they are derived must be kept in mind 
and the survival probability modified to account for any change in 
the assumptions. For example, if the U.S. missiles are launched 
while enemy weapons are arriving (which is contrary to assump- 
tion ‘“‘c’’) , the survival probability would tend to be raised because 
some missiles would be launched before being attacked; but at the 
same time the survival probability would tend to be lowered since 
the missiles (if initially in hardened sites) would be exposed and 
more vulnerable during the period preparatory to launch. These 
could be offsetting factors, but they would need further examina- 
tion in any particular case to determine the effects on survival. 

The equations are intentionally made general to cover all the 
major factors in force survival. In particular cases or under par- 
ticular circumstances they can be considerably simplified. For 
example, if the force’ is based at fixed sites rather than mobile,* it 
can be assumed the enemy will know the location. Then the term 
P, equals 1. If there is no launching prior to enemy ICBM 
attack** the term P, equals 0. Equation (7) then reduces to: 


36w ** Er(1 - a)yk 


P,= (4) 0" (9) 


and equation (8) reduces to: 





36w 7/8 


P,=1- oo a) k _ oo (10) 


As an example of the use of the survival equations and the 


*In a mobile system the missiles would be moving from place to place so that the exact 
location of some fraction of the force is unknown to the enemy at any time. This may be good 
from a survival standpoint, but it has practical logistic, operational, and reliability limitations, 
plus the fact that the fraction of the force on the move is not available for immediate retaliation. 

**Launching missiles prior to manned bomber attack may be feasible, but launching prior 
to enemy ICBM attack has practical limitations of short warning time and national decision time. 
These limitations are more thoroughly discussed by Colonel H. W. C. Shelton, ‘‘Impact of the 
Ballistic Missile on Defense,” Air University Quarterly Review, 1X, 3 (Summer 1957), 131 ff. It 
should be pointed out that these limitations do not necessarily apply to launching manned 
bombers on warning of ICBM attack. The bombers can be called back if the warning turns 
out to be false. 
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accompanying graph, take the case where the number of as. 
signed enemy weapons is equal to the number of U.S. missiles; 
the over-all reliability of enemy weapons is 80%; there is no com- 
bat attrition of enemy weapons; there is no launching of U5. 
missiles prior to enemy attack; the U.S. missiles are based at fixed 
sites hardened to 75 psi and dispersed to 5 missiles per site; the 
enemy CEP is 3 nautical miles and the yield is 1 megaton (MT). 


The parameters then have the following values: E = N, 
r= .80, a=0, P;=1, PL =0, h=5, H=75, W=1, 
C=5, Er(l —«@)&/(N — 4. 


Since Er (1 — a)k/N is greater than 1 (each site is attacked by 
more than one enemy weapon) and since P; = | and P, = 0, equa 
tion (9) should be used. 


When these figures are substituted, the numerical value of 
the exponent becomes: 
36W23 Er(l—a)k 36X1%X4 
C?HN — 





and from equation (9) : 


P,= (yp) 


From the accompanying graph, when x = .214, then (14)* = 0.86. 
Therefore P, = 0.86. Under these conditions 86% of the U.S. 
force would be expected to survive the enemy attack. 


These calculations can be repeated for various values of the 
parameters to determine the alternatives between hardness (H), 
dispersal (k), active defense (a), reaction time (P,), force size 
(N) and enemy capabilities (E, r, C, W), for fraction of force 
survival (P,) , or number of surviving missiles (NP,) . 


When costs of the various alternatives are known, the par- 
ticular combinations and degrees of hardness, dispersal, active 
defense, reaction time, and force size can be chosen that will 
provide maximum survival at given cost or given survival at least 
cost. 


Rais question is often asked: Can our force survive 
highly accurate or high-yield weapons if it is based at fixed sites 
and makes no launchings prior to enemy attack? Further examina- 
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aS tion of equations (9) and (10) will throw some light on this 
iles; problem. If the CEP becomes very low (approaches zero) or the 
OM- yield becomes very high, then, for reasonable values of the other 
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tes to equation (9) then becomes zero. But this is for the case where 
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there is one or more attacking weapons per site. When there are 
fewer attacking weapons than sites, equation (10) is applicable 
and, under these circumstances, becomes: 


' Er(1—a)k 
. N 

It is obvious from examination of this equation that a frac- 
tion of the force will still survive if the term Er (1 — a) k/N is less 
than 1. We have no control over the factors E and r, but we can 
make the whole term as small as possible by increasing air defense 
(a) , decreasing concentration (k) , or increasing force size (N). 

A careful cost analysis would be required to determine what 
emphasis should be given to each of these measures. ‘The extreme 
difficulties and high cost of air defense against ballistic missiles are 
also pointed out by Colonel Shelton in the previously referenced 
article. However, it is obvious that if a great number of missiles 
can be dispersed to no more than one or two missiles at a point, 
then, regardless of the air defense capability and limitations of 
mobility and fast reaction, it would be highly costly for the enemy 
to prevent the term Er (1 — a) k/N from becoming less than unity. 
Further it would then be highly unlikely that the enemy could 
attack all targets over a very short period of time and thus some 
launching of U.S. missiles could occur before arrival of attack 
(P, > 0). 

It can be concluded that by proper planning and design of 
the force configuration survival is possible against highly accurate 
and high-yield enemy weapons. In the case just considered, this 
survival might dictate smaller, simpler, and less costly missiles 
which can be more widely dispersed and can be procured and 
operated in greater numbers without excessive cost or manpower. 

Another possibility not included above might be to harden 
our sites to the point where H in the equations is high enough to 
offset the low value of C, so that the term containing the exponent 
in the equations does not vanish. Here again the cost and feasi- 
bility of such a measure must be determined and carefully weighed 
against the other measures. 





| comparison that can be made by using the 
equations and substituting typical values is the relative cost and 
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military value of hard and soft bases. A good measure of merit 
in designing a missile force is the cost per surviving missile rather 
than the cost per initial missile in the force. A force configuration 
which will give a low cost per surviving missile is obviously better 
than a configuration resulting in a high cost per surviving missile 
—other things such as logistics and operating simplicity being 
equal. 

It would be useful to know how the cost of a hard base com- 
pares to that of a soft base if they have equal measures of merit 
(cost per surviving missile). The following steps will give an 
indication. Let D equal the dollar cost of a missile force. It does 
not matter here whether this is a yearly cost, ten-year cost, or cost 
on some other time basis, since the time factor cancels out. The 
cost per surviving missile is D/NP,. For equal measures of merit: 


D ™ D 
( 2) soft = NP, hard 





If the number of initial missiles is assumed to be the same for 
the two configurations, then: 


( ) soft = hard 
P, P, 


D (soft) P, (soft) 
D (hard) __ P, (hard) 








As a typical case, assume a fixed-base concept (P; = 1) and a sur- 
prise attack (P;, = 0) of one weapon per target, Er (1 — a) k/N = 1. 
Then from equation (8) : 

P, (hard) = (14) sew 2/3/24 (nara) 


P, (soft) = (14) sow 2/3/02 H (soft) 


‘The ratio of costs is: 


sew? /1 1 
D (soft) P, (soft) c2 Gina — 
oe =) 
(hard) P (hard) 





Substituting values from the previous example of W = 1, C = 3, 
H (hard) = 75 psi and taking H (soft) = 3 psi as a typical soft 
base: 
(2 =." 1 
=(g"** “Y= = A= ge 


D (soft) 
D (hard) 











D (hard) = 2.44 D (soft) 


or, under these conditions a 75-psi site would need to cost more 
than twice as much as a 3-psi site for equal measures of merit. In 
other words a 75-psi base would be better than a 3-psi base unless 
the 75-psi base cost more than twice as much as the soft base. 
Although no conclusions can be drawn from this one example, 
repeating the analyses and assigning various values to the parame- 
ters should provide a good feeling for the payoff in hardening mis- 
sile sites. 

Another way in which these expressions may be used is to 
determine the relationship between hardness and dispersal for 
given survival. For example, take the previous case where P; = | 
and P; = 0 and equation (9) applies. If the survival is to remain 
the same under two separate conditions of hardness and dispersal 
(call them conditions 1 and 2) , then the value of the exponent of 
14 must not change. If all the other terms in the exponent remain 
the same under the two conditions, then: 


k, ke 


A, H2 


ts) 
He = H — 
2=Hi(# 


Thus if the first condition is 5 missiles per site (k; = 5) and the 
second condition is 10 missiles per site (ke = 10), then for equal 


survival: 
_ 0) 
a ee ( 


He = 2H, 
and, under these circumstances, a 10-missile site must be twice as 
hard as a 5-missile site for equal force survival. 

Only a few examples of the application of these fundamental 
equations of force survival have been shown. The equations can 
be used in many other ways to produce an indication of the rela- 
tionships and relative worth of the measures contributing to force 
survival. It is obvious that all the factors entering into force sur- 
vival planning cannot be put into mathematical equations. But 
intelligent application of the relationships presented here will go 
a long way toward providing broad planning guidance. 


Air Force Ballistic Missile Division, Hq ARDC 
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CONTROL OF OUTER SPACE 


CoLONEL MartTIN B. SCHOFIELD 


ROWING interest in the exploration of space above the earth’s at- 

mosphere has raised the question of what limits, if any, should be im- 
posed on the use of outer space by reason of national sovereignty. While 
international lawmakers have slowly pondered this question, science has been 
busy creating the potential trespass with little regard for its legal acceptance. 
Now that scientific earth satellites, protected by mutual agreement, have 
already successfully penetrated the assumed space boundaries of all states on 
earth, the question of legality arises concerning similar penetration by other 
forms of space vehicles not covered by specific agreement. From a military 
point of view, unrestricted use of either atmospheric or nonatmospheric 
space by military vehicles of other states would undoubtedly pose a serious 
threat to our national security. 


Extension of Sovereignty into the Air Space 


As far back in history as four and one-half centuries before the Christian 
Era reference was made to “air space” as a question of law. One quotation 
appears: 


The air should be open to the free use of all, and that it might be used freely as 
might the flowing water, the sea shores, and the sea.* 


In those early days the air was thought of merely as a human commodity, 
unrestricted and available to all. Much later in history, near the turn of our 
century when the air was found to serve an entirely different function, re- 
strictions as to its use appeared. The introduction of lighter- as well as 
heavier-than-air conveyances made evident the need for international air 
boundaries. 

Prior to controlled flights of Von Zeppelin in 1900 and the Wright broth- 
ers in 1903, free balloon ascents were rather commonplace. Their unpre- 
dictable and irregular flight paths became the cause of the first international 
convention called to discuss state rights in the air space. A convention 
called by the French in 1889 as a result of German balloons descending on 
French territory revealed two schools of thought, one of which may be ac- 
credited as the basis of today’s international air law. 


*John Cobb Cooper, ‘‘Roman Law and the Maxim Cujus Est Solum in International Law,” 
McGill Law Journal, I (Autumn 1952), 16. 
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The first, voiced by the French, held that since the air was not suscep. 
tible to a regular occupation in its entirety, there could be no ownership of 
the air, and since there could be no ownership, there could be no right of 
sovereign control. In opposing this theory John Westlake, an Englishman, 
presented the national sovereignty theory by contending that it was of no 
concern whether or not the air was free, because, as he put it, air space was 
the vital element. 

Today there is little question as to the correctness of the English view- 
point, in that state sovereignty is clearly recognized to exist in the air space 
above and within the territorial boundaries of sovereign states. But not 
until the International Air Navigation Conference held in Paris in 1910 did 
this form of state sovereignty take on its true meaning. At the termination 
of this conference it was generally agreed that each state had full sovereignty 
in the usable space over its national lands and waters, that no general right 
of international transit existed for aircraft of other states in the absence of 
international law, and that the only practical legal method of regulating 
international flight was by agreement which would provide for the grant of 
privileges of flight through such national space. 

It appears that boundaries in the air space were then established to 
coincide with the national geographic boundaries that had been previously 
recognized. There was little compromise of these boundaries in succeeding 
years except in isolated cases where air vehicles arrived or departed points 
requiring passage over or in close proximity to the boundaries of neighbor- 
ing states and thus made overflight agreements necessary. 


sovereignty beyond state air boundaries 


The absence of international space law was recognized during the 1956 
(tenth) session of the International Civil Aviation Organization, the previous 
agenda of which had been confined to subjects resolving the problems of 
civil aviation in the usable air space. The deficiency had become obvious. 
Now that science was nearing the exploration of space above the atmosphere, 
an entirely new field opened in which to debate the rights of sovereignty. 

In maritime law we first find the extension of state sovereignty seaward. 
The factors that most directly contributed to these extensions were the 
necessity for coastal defense and the maintenance of state interests. Such 
interests included the prevention of poaching on local fishing grounds, pre- 
vention of smuggling, control of negligent navigation in coastal waters, and 
the prevention of other incidents which endangered the inhabitants of the 
state concerned. Arbitrary extensions of sovereignty finally resulted in a 
generally accepted boundary now referred to as the “three-mile limit” or 
“maritime league,” based originally on the range of shore-based artillery of 
the day. 

Today greater extensions of sovereignty seaward are the subject of con- 
troversy in the United Nations. The immediate issue is the abandonment 
of the traditional three-mile limit which international law has generally 
recognized for hundreds of years. Several states are already claiming sover- 
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Two possible methods of segmenting space according to territorial boundaries of 
states or continents have been considered. One is by projection upward of the 
geographic boundaries (dotted lines A—F and A’—F' for Country A; E—C and 
E’—C' for Country B) on parallel to a vertical halfway between them. The other 
is by radial verticals from the earth’s center through the geographic borders to in- 
finity (solid lines A—B and A’—B’ for Country A; E—D and E’--D’ for Country B). 
Under the first method the cross-section area of a nation’s air space would remain 
the same to infinity, leaving wedges of unowned space between that claimed by 
contiguous nations. Within that “no man’s space” a bomb could be dropped from 
1000 miles up and fall gravitationally 250 miles inside another nation’s borders. 
Under the second method each nation’s air space would expand congruently as the 
radial boundary lines flare, leaving unowned space only above the open seas. Un- 
der any method of segmenting space according to earth boundaries, a space ve- 
hicle would pass at will through the changing ownerships—unless of course it 
achieved the feat of staying within its own nation’s space borders, perhaps by 
spiraling and necessarily by taking into account the earth’s spinning. Obviously 
the observing or enforcing of boundary lines in space is difficult up through the 50- 
mile zone, impossible 2000 miles up, and ridiculous to the stars and galaxies. 








96 AIR UNIVERSITY QUARTERLY REVIEW 


eignty beyond the maritime league. Some in Central and South America 
have made claims exceeding 200 miles. The basic practical reason for these 
extensions is an apparent firm belief in the ability to control the seas out 
beyond the traditional limits and to the limits claimed. 

The greatest single spur toward large-scale abandonment of the three. 
mile limit developed in 1956 at Geneva during the Eighth Annual Session of 
the United Nations International Law Commission. Article 3 submitted to 
the United Nations by the commission reads: 


1. The Commission recognizes that international practice is not uniform as regards 
the delimitations of the territorial sea. 


2. The Commission considers that international law does not permit an extension 
of the territorial sea beyond 12 miles. 

3. The Commission, without taking any decision as to the breadth of the territorial 
sea up to that limit, notes on the one hand that many states have fixed a breadth 
greater than three miles and, on the other hand, that many states do not recognize 
such a breadth when that of their own territorial sea is less. 

4. The Commission considers that the breadth of the territorial sea should be fixed 
by an international conference. 


Abandonment of the three-mile limit is apparently in its final stages. Less 
than 25 of the world’s 59 littoral nations are holding with the traditional 
territorial waters. 

The United States set off international repercussion in 1945 when Presi- 
dent Truman issued two proclamations strengthening American interests in 
the Continental Shelf.* One declared the natural resources of the Shelf to 
appertain to the United States and to become subject to its jurisdiction and 
control. The other asserted the right to establish fishing conservation zones 
in the sea areas adjoining the coastline. Thus additional justifications had 
been advanced other than the national security for substantially extending 
the sovereign interests out to sea. 

Recent extensions of U.S. air boundaries seaward by erecting ‘Texas 
towers” and by employing airborne early-warning aircraft along the coastal 
areas are examples of extensions of sovereignty in the interest of national 
security. Some of the towers are erected as much as 100 miles off the coast, yet 
are not viewed as additional assertion of territorial sovereignty in the sea. 
Airborne early warning exceeds this distance. Such extensions, however, are 
classified as assertions only of “special-purpose control.” In other words, 
they are directed toward a single, specific purpose and do not amount to a 
blanket claim of jurisdiction. Hence they are not presumed to affect U.S. 
recognition of the extent of its territorial waters, which continues to be 
three miles. 

The “specific purpose” of the Texas towers is the extension of U.S. air 
boundaries for the purpose of more effective air defense control. In the 
interests of national security, detection and identification of high-speed 
modern aircraft are required at distances of several hundred miles from U.S. 
coastal areas. Such extensions are made to satisfy state interests. They give 
consideration to decisions of international law only as a secondary reflection. 
Similarly, extension of sovereignty above the earth’s atmosphere will un- 


*The Continental Shelf is fixed by the so-called ‘‘100-fathom curve’? and may extend any- 
where from 5 to 120 miles off shore. 
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rica doubtedly be made either to enhance scientific progress or to meet the threat 
hese of advanced weapon systems of greater speeds and altitudes. 
out ' 

space law and state sovereignty 
ree. The extensions of state sovereignty beyond the air boundaries and geo- 
1 of graphical limits of a state have not thus far been known to conflict apprecia- 
| to bly with the rights and boundaries of subjacent states. Neither have they 


been known to overlap the extensions of adjoining states except in instances 
3 of assuring both parties in their mutual interest. However the appearance 
of a new form of vehicle, the earth satellite, has created an entirely different 
problem because of the nature of its trajectory. Such trajectories display 
tremendous speed in an orbital flight path about the earth to attain sufficient 
centrifugal force outward to offset the force of the earth’s gravity. This 
form of flight requires no reaction from the air except during the initial 
| stage of trajectory in approaching orbital altitude. Once the vehicle or 





€ss § object is established on its orbit in space, it may be said to be in a state of 

nal | free fall, and control in relation to its track over the surface of the earth is 
relinquished. In the absence of a guidance system such a space object pays 

si- | little respect to sovereign state boundaries, as its orbit in space remains inde- 

in pendent of the earth’s rotation and it thereby establishes a new track for 

to | each revolution in orbit. 

nd | Although very little thought may have yet been given to the question of 

ies state sovereignty above the earth’s atmosphere, it may be expected that the 

ad introduction of numerous objects passing at random over all sovereign states 

ng at varying altitudes and directions will raise questions as to the legality of 
their trespass. . 

as The distance at which an object passes above a state’s national air space 

al appears to be one of the main factors which will determine its legality. An 

al individual earth state would not likely consider an object orbiting about the 

et moon as an encroachment upon its particular territorial sovereignty or na- 

a. tional air space. At the other extreme it might regard an object passing 

on over its territorial boundaries at an altitude of only 20 miles as a quite 

s, different matter—that at least during the time the object passed within its 

a particular national air space boundaries the threat was localized and related 

. only to its own peculiar interest. 

e | 

> 
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Additionally, the purpose of an object in space is pertinent to its threat 
to a state’s sovereignty. Even if it may be assumed that there is a distance 
above the earth’s surface at which ‘an object may generally pass without 
constituting a threat solely to the sovereignty of one state, a significant pur. 
pose of the vehicle may immediately eliminate its distance as a factor of 
threat and elevate the threatening purpose to prime importance regardless 
of physical location in space. Similarly an ICBM sitting inert half the world 
away may, from its inherent purpose, be assumed to constitute a threat to 
another state’s sovereignty. Its mere existence, not its location, is important, 
Under this thesis it would then appear that the threat, rather than the limit 
of sovereignty, is the key issue of the space vehicle and deserves priority of 
consideration in international discussion. 

On 29 July 1955 it was announced from the White House that in 1957. 
1958 the United States would launch small earth-space satellites, probably 
instrument-bearing, which would circle the earth each 90 minutes at a height 
of 300 miles. Before this announcement the Soviet Academy of Science had 
announced on 15 April 1955 “the establishment of a special commission for 
interplanetary communication entrusted with the creation, at an early date, 
of a remote controlled laboratory to circle the earth as a satellite and estab- 
lish opportunities for observation of a hitherto inaccessible character.” 

Neither these declarations of intentions to exploit the regions above the 
earth’s atmosphere nor the subsequent placement of the Soviet sputniks 
were preceded by requests for diplomatic clearance to “overfly” the national 
air space of other states. Both pronouncements and the firings are indicative 
of feeling that state sovereignty above national air space does not exist. As 
one authority would state it: 

The factors which tend to make the close relationship between the earth and the 
airspace above it appear to be natural law, do not apply to nonatmospheric outer space, 
for only the area filled with air stands in such an essential relationship with life on the 
surface of the earth, that it must be designated as belonging to the earth. Contrariwise, 
this “special and sovereign correlation’? does not exist between outer space and the 
land and water areas under it. Outer space cannot be considered as an ‘‘integral 
constituent part’’ of the territory of a state.* 

Although this premise might be accepted universally, it will not pre- 
clude a necessity for international agreement pertaining to the rights and 
safety of others. The growing use of outer space must face the ultimate dif- 
ferences of opinion that will result from the unrestricted use of international 
space. If technological progress continues and common use of outer and 
international space prevails, a constantly increasing clash of interests should 
be expected between the states most interested in space travel. It may be 
assumed that these clashing interests will create pressure for the establish- 
ment of an international agency with far more authority than the existing 
organization responsible for coordinating international flight in the air space. 

In the interests of national security, a state, independent of others, may 
have a strong desire to extend its sovereignty infinitely into space in order 
to guard against hostile acts which could easily be made by use of space 
vehicles. But: 


*Paper submitted to the Third International Astronomical Congress, Sept. 1952, Stuttgart, 
Germany. 
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This interest is not sufficient to establish a special relationship in the previous sense 
between outer space and the territorial limits of a state. Nor can outer space from a 
constructive legal point of view form a part of that territory in which the sovereignty of 
a state extends. The exercise of sovereignty over its territory by a state is based on two 
prerequisites: It must deal with a space with delimitable—even if not visible—borders. 
In the second place, the possibility of exercising ‘‘effective sovereignty’’ must exist. 
Neither prerequisite is applicable to outer space. In the present state of the arts it 
would be impossible to establish definitely whether an occurrence in outer space had 
transpired over the boundaries of a specific state even if the presumed boundaries of the 
state were delineated in a plane in outer space. The boundaries of a state cannot be 
definitely established as one moves outward into space from the surface of the earth, 
as would be the case in outer space.* 


In summary, the limitations that have been encountered in air travel 
by the recognition of state boundaries and unquestionable existence of state 
sovereignty in air space lose their identity somewhere in the upper limits 
of the earth’s atmosphere. Although the dividing line is not yet clearly es- 
tablished, the absence of state sovereignty in space is easily comprehended 
when examining a state’s jurisdiction in remote areas of space that are con- 
tiguous to other planets rather than to the earth. 

Limits of sovereignty as expressed here are in no way related to the 
rights of a state to defend its sovereignty through action outside its recog- 
nized boundaries. This is a common practice among states today and will 
always be considered an inherent right of a sovereign state regardless of the 
location of the threat in space, in the earth’s atmosphere, or on the surface: 
of the earth. 

In general then, the absence of state sovereignty in international space 
merely restricts a state from exercising control over vehicles of another state 
unless matters of national security are involved. If safety is to be provided 
for in the free use of space and if international disputes are to be resolved, 
it is apparent an effective international body should be organized to deter- 
mine the type of control needed in regulating the use of space. The agency 
given this responsibility should have not only the authority to regulate the 
use of space but also have the collective force, militarily capable of enforcing 
the international regulations adopted. Actually time is running out for the 
formulation of such collective security. International agreements must be 
reached before space capabilities are so commonplace that a belligerent na- 
tion could stand in the way of forming harmonious controls. 


Military Implications of Unlimited Use of Space 


Long-range ballistic missiles and the scientific earth satellites have 
stimulated the imagination as to what the future may hold in the way of 
advanced weapon systems. The advent of these systems has drawn serious 
attention to their potential as long-range nuclear weapon carriers. Several 
applications of advanced systems have been envisioned: 

e The use of an earth satellite as a reconnaissance vehicle would 
provide intelligence data of the highest order of coverage and reliability. 
Reconnaissance in the form of constant surveillance would provide military 
information heretofore beyond capabilities. Weather and electronic recon- 


* Ibid. 
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naissance obtained by use of a satellite vehicle will play an equally important 
military role. 


© The capability of the ICBM and IRBM as nuclear weapon carriers 
is generally recognized as far superior to that of other types of carriers now 
in existence or planned. The inherent advantage of the ballistic missiles 
appears in the suddenness with which they may be employed and the short 
duration of flight to their target. Each characteristic points to the difficulty 
of defending against them. If short flight duration is a measure of effective. 
ness, it requires little imagination to foresee the strike potential of a missile 
bearing satellite passing overhead at a range of 300 to 500 miles, assuming, 
of course, that missiles can be fired downward to the earth with considerable 
accuracy from a launching platform that is traveling through space at satel- 
lite speeds. This system of attack by “airborne” ICBM poses a much greater 
threat than that of a free-falling missile initiated from the surface. The de. 
fense then appears even more difficult when one considers that the trajectory 
of some weapons may originate from any point of international space or 
outer space for that matter, screened by the curvature of the earth from 
detection by line-of-sight radar, and the speed, time, and direction of attack 
all in increased favor of the offensive weapon. 


¢ A more imaginative application of spacecraft, as yet not proved 
impossible, is the use of antigravity devices to permit hovering at any alti- 
tude or unlimited accelerations, possibly up to the speed of light. The 
military implications of such performances stagger the imagination. New 
devices of this nature, by virtue of their translation into increased speeds 
of attack, could render ineffective all active and passive defenses known 
today. 


effect of space vehicles on the balance of power 


The form of the military threat to the national security of the United 
States is changing rapidly under the developing weapon systems of greater 
speed and destructive capacity. 

These systems, regardless of the power they represent, do not as yet 
exist within what may be called the range of immediate threat. Long-range 
manned bomber forces, and for that matter tactical air forces deployed, 
still must traverse many nautical miles at varying flight profiles before de- 
livering their weapons of destruction. It is openly admitted that present 
defensive techniques are incapable of repelling to an acceptable degree these 
manned offensive forces of an aggressor. However, if provided sufficient 
warning, the defender is still afforded the opportunity of adequate retalia- 
tion, and there seems little doubt that the mutual retaliatory capability of 
the United States and the U.S.S.R. is the principal deterrent to general war 
today. Only major powers such as the United States and Russia are known 
to have an intercontinental strike capability, a status quo that leaves little 
recognition for states of lesser military and economic strength. 

The influence of deterrence held merely by two states could hardly be 
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referred to as a world balance of power; yet, as the term deterrence sug- 
gests today, it represents a balance between the two major powers which 
leaves the lesser powers to join with and be guided by the will of whichever 
dominating leader they choose or are forced to join. 

At the same time it 's within the imagination to foresee the day when 
technology will permit lesser powers to equip themselves with nuclear space- 
weapon systems providing significant influence upon the larger powers. 
This will become possible as the ratio of destructive force per dollar con- 
tinues to increase. Without reaching too far into the future it may even 
be assumed that the more or less insignificant military powers of today may 
reach some form of parity with the larger powers through their war-deterring 
capability. The capability, if attained by the smaller states, may not neces- 
sarily constitute a major threat, but it may be entirely adequate to permit a 
participation in power politics approaching that of the major military pow- 
ers. This possible future situation might then be referred to as a true world 
balance of power. Assuming such a balance is feasible, the situation then 
suggests the desirability of establishing a form of control early in the era 
of space travel while but a few powers carry the weight of international 
influence. 

An early-day monopoly in the field of aviation inspired the French to 
advocate “freedom of the air space” regardless of territorial sovereignty. A 
comparable feeling of leadership in the air today has inspired the United 
States to advocate strongly the policy of “open skies” in which to employ 
aviation to its greatest advantage. This position, presently held by the 
United States, when translated into the free use of space might not be wise 
under the assumption above that a true balance of power may exist some- 
time in the future. In plainer words, the presence of a variety of devastating 
military forces, of many sovereign states, constantly deployed throughout 
international and outer space, may not be conducive to peaceful living. 
Such a condition of balance might then be comparable to the situation in the 
old West where aggression appeared attractive for the “fastest gun.” 

Such a balance is too critical. It might be sounder for the United 
States, while it is an early contender in the exploration of space, to use its 
position to influence to the best advantage by strongly advocating a form of 
international control over the use of space. A form of control should prove 
attractive to states that possess little military strength but a strong desire 
for national security. If the feeling is prevalent, even the Soviet Union 
might find the proposal attractive after appreciating the collective military 
force that could be brought to bear against it. Full realization of this col- 
lective power might force the Soviet Union to be content with other means 
of seeking world domination. 


A Position on the International Use of Space 


Our position regarding the international use of space must be realistic 
rather than Utopian and consistent with established national objectives. 
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Two alternatives are available from which to formulate this Position, 
One is to advocate unrestricted or total freedom of international and outer 
space, while the other is to advocate absolute control supported by a means; 
of either international or unilateral enforcement. 


freedom above the national air space 


A decision to advocate complete freedom of space must be based on the 
acceptance of the absence of state sovereignty above the sphere of national 
air space. 

Advantages will surely accrue to the pioneers of space through experi- 
ence, and military advantage could be quickly exploited in the development 
of advanced weapon systems of space and the development of much-needed 
reconnaissance vehicles to increase the effectiveness of the weapon carriers, 
However the ability to maintain a wide margin of lead over all probable 
opponents indefinitely is problematical. The nature of the threat in rela. 
tion to the amount of national resources necessary to achieve it brings it 
within the grasp of smaller states of the world, and the devastation that is 
possible through the use of space weapons could then bring even the small- 
est state to the fore as a world threat. If such a condition should prevail, it 
is not improbable that the entire world might be subjected to intense and 
continuous tension as international space became saturated with the military 
vehicles of several powers or numerous alliances. The prospect of such un- 
controlled use of devastating power is unacceptable. Obviously, some form of 
international control is necessary if the nations of the world are to exist in 
comparative peace. 


control by international agreement 


In 1948 when Secretary Forrestal made reference to an earth satellite in 
connection with a report on unification of the services, the world press re- 
acted violently. “Will America possess moons of war?” “Will the Elbe 
frontier be defended from the moon?” “It is a campaign calculated to ter- 
rorize the people.” The military potential of such a vehicle was recognized 
immediately and full appreciation of those capabilities exists today. Yet 
President Eisenhower’s announcement in 1955 of U.S. plans for construction 
of a satellite vehicle for scientific research purposes during the International 
Geophysical Year was enthusiastically received by scientists and editors the 
world over. The contribution such a vehicle would make to the various 
branches of science had been recognized for many years. 

The principal reason for the change in attitude toward the satellite 
was undoubtedly the open and frank declaration by the United States of its 
intent, which has done much to bring together groups of several states that 
otherwise could not have worked in harmony. Thus it appears highly de- 
sirable to press for future control through either the International Civil 
Aviation Organization or a similar United Nations organization, backed by 
international agreement on a set of rules pertaining to the filing of “flight 
plans” on all vehicles expected to operate above national air space. The 
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Definitions of Space Strata 


Three practical definitions for the division of space are proposed 
for adoption by the Air Force and by any international body con- 
cerned with the use and control of space: 


national air space — the area bounded by the geographic borders 
of a state extended along radial lines considered to originate at 
the earth’s center to terminate at a height of 50 nautical miles 
above mean sea level. The figure of 50 mites was arrived at as the 
useful altitude at which aircraft may operate that depend on reac- 
tion of the air for lift and control and which is adequate to permit 
free operation of air contrivances of advanced design around the 
earth’s surface without serious restriction as to speed and navigation. 
Also by this limit a portion of atmospheric density above national 
air space is available in which free-fall vehicles can decelerate and 
assume a glide path comparable to that of powered aircraft before 
re-entry into the national air space of a sovereign state. State 
sovereignty is implicit in the term “national air space.” All air space 
above international waters would remain international as now 
recognized by the International Civil Aviation Organization. 


international space — that area of space between 50 and 2000 nav- 
tical miles above mean sea level, without regard to national bound- 
aries. Within this layer will fall the great number of vehicular and 
orbital trajectories. Ballistic missiles aimed halfway around the earth 
need not exceed an altitude of 2000 miles. This height is sufficient 
for trajectories incident to the launching of orbital vehicles of a 
permanent nature. Powered space vehicles could establish orbits 
or flight paths within international space and depart outward or 
return to earth as desired. Operations within this space are con- 
sidered more pertinent to earth than to other planets or to inter- 
planetary space travel. 

outer space — that area of space beyond 2000 miles, to infinity. 


This definition is useful militarily as meaning the region where 
operations are not closely earth-associated but are more related to 


interplanetary transit. 
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groundwork of common understanding and mutual interest has been laid 
and the nature of the new threat is generally understood by all. Therefore 
a proposal by the United States for international control should prove at. 
tractive to a majority of: states. 

What would be the position of the controlling agency toward those 
sta‘es not in agreement to a form of international control? Here the decision 
to forcibly protect the security interests of the majority would have to be 
made. It is questionable whether such a decision could be reached in the 
United Nations, but it is becoming increasingly apparent that the threat of 
the employment of satellites and other space vehicles in military roles soon 
after the International Geophysical Year may alter the resisting side of 
world opinion, as it is known today, and produce a different concept of 
cooperation. 


Evaluation Staff, Air War College 


DEFENSE IS NOT PROFIT AND LOSS 


CoLONEL ALBERT S. RAUDABAUGH 


HERE is an old story in the Air Force about a base commander whose 

unit was having more than its share of aircraft accidents. Higher head- 
quarters was on his back. Finally in desperation he put out an order: “There 
will be no more aircraft accidents on this base.” The story is probably fiction. 
At least it ought to be. Yet in an extreme form it does illustrate the human 
tendency to solve a problem by applying some sort of controls or law that 
worked very well for another problem in another kind of environment but 
that is completely unsuited to this problem in its environment. 

Nowhere has this tendency been more evident than in the area of fiscal 
controls procedures in the military establishment. During the past eight to 
ten years much pressure has been put on the military establishment to use 
business principles and procedures. No one can question the worth of these 
procedures in the business world. The growth of American industry has 
been phenomenal during the past decade. However there are certain funda- 
mental differences between a military organization and a business organiza- 
tion. These fundamental differences must be recognized. The premise that 
“what is good for business is good for the military” is not necessarily valid 
in all instances. 
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Recently the Air Force, along with other Government departments, has 
been required to install an accrual accounting system in addition to its other 
accounting and fiscal procedures. The primary argument in its favor was that 
it had been an indispensable tool of business management in reflecting profit 
and loss. 

The fundamental financial control system of business is accrual account- 
ing. It is a calculative service that records, classifies, and periodically sum- 
marizes activities in terms of dollars, the fundamental requirement being to 
place income and expenses in a time period, generally monthly, in which they 
are consumed or used. Accrual accounting has served business well. But this 
does not necessarily mean it can be transferred in total to the military with 
the same end result. In fact the direct transfer of a business-type accrual 
accounting system to the military may have unfavorable results because it 
could cause personnel to be needlessly assigned and could provoke erroneous 
conclusions that would have a harmful effect on the military. 

What are the major deficiencies in a business accounting system when 
applied to the military? What is the minimum financial accounting system 
necessary for the Air Force? Any person assigned to military accounting who 
is not materially productive is wasteful to the Air Force and, consequently, to 
the defense of our nation when manpower is limited. 


the pressure for accrual accounting 


When dollars enter into the operation of any organization, an accounting 
requirement is established. At the same time, because accounting is a service, 
the minimum of effort should be devoted to it, with the maximum effort go- 
ing to the operational side of the organization. An accounting service should 
be productive and furnish definite assistance to the operational side. 

The first pressure on the Air Force is to account to Congress for the 
money appropriated. These are taxpayers’ dollars and are held in trust by 
the Air Force. An accounting system has been in use for many years to 
account for these funds. This system is known by various names, such as an 
appropriation accounting system, a fiscal accounting system, or an accounting 
system on a cash basis. Appropriated funds are obligated at the time a firm 
contract is assumed by the Government. The funds are then expended at the 
time the contract is completed or at such other times as may be specified in 
the contract. This system accounts for all the dollars expended by any 
Government department. Once an item is paid for this dollar-accounting 
system drops the item, which is then picked up as a line item in a supply or 
equipment account. 

The present procedure is for Congress to appropriate money to the Air 
Force in two broad categories. One is termed “no year money’’—money 
appropriated that will be available to the Air Force for obligation until it is 
expended. This category includes major programs or items of equipment 
which have long lead-time requirements, such as aircraft, other major pro- 
curements, and the research and development program. Congress can control 
these expenditures on a line-item basis. For example, the number of B-52’s 
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to be purchased at the price per aircraft can be shown as a line item. But 
because of the long lead time the actual requirement for funds may extend 
over a period of several years. 

The second major category of money appropriated to the Air Force has 
to be obligated during the fiscal year in which it is appropriated. The two 
major activities covered by this type of money are the operation and main. 
tenance of the activities and installations of the Air Force and the pay of 
military personnel. The dollar requirements for Air Force operations, main. 
tenance, and military personnel are periodically summarized for Congress 
on an annual basis at the time the annual budget is submitted. In addition, 
numerical and grade ceilings for both the military and civilian personnel 
paid from these two appropriations are placed on the military by the appro- 
priation act. These limitations afford Congress an additional control over 
military expenditures. 

As indicated above the fiscal accounting system drops an item once it is 
purchased. It does not provide a dollar control over inventory. Once an 
item has been purchased it becomes a stock number and quantity in the bin 
of some supply warehouse. The Air Force has corrected this deficiency by 
installing a system that accounts for all the inventory of the Air Force by 
dollars. 

So the Air Force has, under the fiscal accounting system, a method 
whereby the dollars appropriated to it by Congress are accounted for. This 
is the minimum accounting system considered necessary to discharge the Air 
Force’s responsibilities to Congress for the dollars entrusted to it. To this 
minimum has been added a monetary control system over the Air Force 
inventory. 

A second major pressure is to make over the military in the image of 
business, at least from an accounting point of view. What this means is that 
an item of material is obligated or bought, put in an inventory account, and 
then finally accounted for when it is consumed or used. The activity con- 
suming or using the item is charged with the expense. Until that time the 
item is considered an asset. The accountant follows the item to the activity 
actually using it. In the Air Force for example a carburetor will be pur- 
chased and placed in supply, but not until it is put on an aircraft will the 
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But cost of that carburetor be charged to the activity using the aircraft or to the 
tend maintenance squadron repairing it. Many additional people and much addi- 

tional paper work will be required to follow the item to this point. 
has : : 
two how accrual accounting serves business 
ain- The accrual accounting system which so effectively serves the business- 
y of man is based on a relatively simple formula. This formula makes possible a 
ain- comparison of the efforts of the corporation with its accomplishments. Pro- 
Tess fessor A. C. Littleton, in his book Structure of Accounting Theory, states: 
ion, “The central purpose of accounting is to make possible the periodic matching 
nel of costs (efforts) and revenue (accomplishments). This concept is the nucleus 
oTO- of accounting theory, and a benchmark that affords a fixed point of reference 
ver for accounting discussions.” Stated as a formula it is: income minus expense 

equals profit (or loss). The civilian accountant must have available these 
t is two elements, expenses and income, in his accounting system in order to 
an determine the net profit of the enterprise. Costs are arrived at by internal 
bin accounting procedures. Income is determined by the external and impartial 
by judgment of the consuming public. 
by The civilian accountant establishes various accounts containing dollar 

information which support the income and expense activities of his company. 
od This information he summarizes periodically, generally monthly, for the use 
his of management. The investors reading this article are familiar with the 
\ir profit and loss statement of a corporation. In general, this statement deducts 
his the expenses from the income of the corporation and arrives at the net profit 
ce of the corporation for the period. 

Management receives’ information from the accountant on a_ periodic 
of basis. Using this information management compares one month with the 
at next to determine progress and to see how profit and expenses compare with 
id past performance. In measuring his corporation’s efficiency, the accountant 
n- prepares various ratios: income per dollar of gross plant and equipment; 
he income per dollar of gross equipment only; income per square foot of floor 
ty space; income per dollar of working capital; ratio of salaries and wages to 
a income; and ratio of operating profit to income. Research indicates that the 
1€ income element is the basis for measuring the efficiency of the operation. 

Using these ratios from month to month the manager is able to control his 
business. If expenses measured against income are increasing steps are taken 
to correct the situation. Thus the manager of a business corporation sitting 






at any echelon or level of management can determine the efficiency of any 
portion of his business. The accountant furnishes the businessman the 
primary quality measurement with which he controls and operates his 
business. 












accrual accounting in the Air Force 


In determining whether accrual accounting can serve the Air Force, we 
must take a closer look at the civilian accountant’s equation. You will recall 
that this equation is: income minus expense equals profit. 
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The military establishment is not a “profit-making” organization. Web. 
ster defines profit as “‘accession of goods, valuable results, useful consequences, 
avail, gain, excess of returns over expenditures.” Only in a broad sense can 
this expression apply to the military, if it is assumed that the American 
people expect “a valuable result” and “useful consequences” out of a military 
establishment when needed. In particular, they may expect an “excess of 
returns over expenditures” when wartime military results are aggregated, 
When the military establishment is spoken of as not being a profit-making 
organization, a restricted and narrow interpretation of the word “profit” is 
being used, profit in a dollar sense. Proponents of wholesale introduction of 
business methods into the military may not fully appreciate this distinction, 
The dangerous aspects of applying the business accountant’s yardstick make 
their entry here. The military, in war or in peace, cannot make the type of 
profit that is understood by the civilian accountant. Its product, or “profit,” 
is not subject to the precise standards and measurements available to the 
civilian businessman, although the same interactions are present. 

To fully understand the fact that the military establishment is not a 
profit-making organization in the restricted sense, it is necessary to take a 
further look at the civilian accountant’s equation. As indicated previously, 
this equation is composed of two parts: income and expense. There is no 
question that the military accountant can precisely measure the cost of any 
military operation. All that is required is the accounting know-how and the 
necessary reports flowing from the operation itself. The income part of the 
equation is a different story. When an American businessman sells a product 
he has produced, he receives dollars as income in return. The purchaser 
exercises his judgment as to the quality of the product he is buying and the 
number of dollars he is willing to exchange in return for the product. It is 
granted that the purchaser may be influenced by a superior advertising or 
salesmanship campaign. But in the final analysis each purchaser’s judgment 
of the quality of the product he is buying in comparison with the price and 
quality of similar articles on the market determines which businessman 
receives the consumer’s dollars as income. This income, basically determined 
by the quality judgment of the consuming public, then is incorporated into 
the profit and loss statement of the corporation concerned. This becomes the 
sales income for the corporation. The civilian accountant receives his 
qualitative measure of the corporation’s accomplishments or efficiency almost 
gratis. Without this factor the formula, of course, would become meaningless. 

The National Security Act of 1947 specifies the basic mission of the 
United States Air Force. It shall be organized, trained, and equipped for 
prompt and sustained offensive and defensive air operations, for effective 
prosecution of war, for expansion to meet the needs of war. This mission 
determines the basic difference between the USAF and a civilian business 
enterprise. —The USAF spends money to organize, train, and equip to meet 
some undetermined future war. The product of this expenditure is not put 
on the market with its value or income determined as a competitive product 
during peacetime. The competition to be met is an enemy—possibly in active 
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combat competition. Then and only then will the “sales or income” value of 
the USAF be determined, and then only in the broadest general terms. It 
does not lend itself to any dollars-and-cents type of evaluation to serve as 
entries in the accountant’s ledger. 

The civilian manufacturer would be faced with a somewhat similar 
situation if he stored or warehoused his production. Assume that a company 
manufactures automobiles. All its production is placed in a warehouse and 
not on the consumer market. Periodically the latest company modifications 
are made on all the stored automobiles. Assume further that the manufacturer 
has only very limited knowledge concerning the automobiles that competitors 
are manufacturing and selling. Known production costs have been incurred. 
Now what will be the sales value of the automobiles when placed on the 
market at some future unknown date? Will they result in a net profit or loss 
to the manufacturer? Although these questions are absurd from a civilian 
manufacturer’s point of view, the situation is far from being so when 
analyzed in the light of the mission of the USAF. 

The automobile-manufacturing analogy points up the basic difference 
between civilian and military operations. Both incur cost for labor and ma- 
terial in producing a product. The civilian manufacturer immediately places 
his product on the consumer market. He is able currently and progressively 
to measure his accomplishments. He receives income from sales as a definite 
and immediate index of the cost he has incurred to produce his product. 

The product of the USAF is combat potential. It cannot be “put on the 
market” until war is declared. Men are organized, equipped, and trained. 
Training is the perennial peacetime mission of the military. The result of 
this training may be said to be in “dynamic storage.” Consequently there 
is no specific qualitative valuation available in peacetime to measure the 
military product. Sales income available to the civilian producer as a measure 
of accomplishment is not available to the military producer. The civilian 
accountant receives the sales figure in his profit and loss statement as a 
basic element in measuring the accomplishments of his company’s enterprise. 
The military accountant is faced with the problem of finding a substitute for 
this sales figure. A closer look at the military operation will indicate that 
the income side of the civilian accountant’s equation is not available. The 
military accountant cannot provide a qualitative dollar measurement. Several 
examples that follow will explain why the “income minus expense equals 
profit” formula is meaningless when applied by the military accountant. 

Take for example the perennial peacetime mission of the military, train- 
ing. A student is sent to school for a period of time. During the course of 
instruction many Air Force dollars are expended for salaries of instructors, 
textbook material, and facilities. The costs are finitely and definitely meas- 
urable. But what benefit has the Air Force received for this expenditure? 
Is it measurable? It cannot be, because the benefit received is the increased 
knowledge of the individual. No known method is available to finitely 
measure in dollars the increased knowledge that the student has obtained. 
It is generally assumed that he will be of greater benefit to the Air Force. 
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But it is impossible to put a dollar tag on knowledge. Even industry cannot 
include in its inventory the dollar value of its employees. 

Another example: a pilot flies an aircraft. He is trained to intercept 
enemy bombers attacking the United States. Many dollars are expended for 
gasoline, spare parts, his salary, and many other things to provide this train. 
ing for the pilot. Again dollars are expended. What definite, finite value js 
measurable from this training? Value has been received but what is the 
dollar estimate of that value? What entry may be made in “accounts re. 
ceivable” because of the millions of dollars of property destruction averted 
by a successful intercept? 

Another example in which the military is not comparable to civilian 
industry lies in the fact that military personnel are “captive customers.” Take 
the food service operation. The enlisted personnel of an organization are 
required to eat at the mess hall if they are not on separate rations. No 
charge is made for the food consumed; also, no estimate of the quality of the 
food is obtainable. Can the food’s quality be based on the number of en- 
listed men eating in the mess hall? They have no other place to eat, except 
at their own expense. In contrast any civilian restaurant manager, within a 
very short period of time, would be aware of the fact that the quality of his 
food had fallen off. Customers would not patronize his restaurant. His dol- 
lar income would be considerably reduced and he could immediately start 
checking to see what was wrong. About the only methods available to the 
military commander for checking on the quality of food served in a dining 
hall would be gripes or inspections. The dollar income or qualitative 
measurement of the operation that is available to the civilian restaurant 
owner is not available to the military. 


attempted solutions 


Much effort and money have been spent attempting to find solutions to 
the problem of measuring accomplishments from military expenditures 
against the dollar cost. Several suggested solutions have been put forth. One 
is to compare cost with budget. A second compares actual cost with some 
cost standard. 

First, what is involved in comparing the cost expended by a military 
organization against the amount of funds budgeted for that organization? 
A budget is merely an expression of the dollar cost required to operate an 
organization during a period of time. Therefore all that is being measured 
is costs against previously estimated costs, or, in other words, the commander's 
ability and accuracy in budgeting and estimating. There are no black or red 
figures in the commander’s ledger as there are in the business accountant’s. 

A further consideration. What in this instance would determine the 
efficiency of a commander? Would it be his ability to zero out his budget? 
Would it be his ability to “save” money in these days of austerity? If to be 
efficient the commander must zero out to his budget estimate, that can very 
easily be accomplished on a dollar basis. If he is to “save” money, is it as- 
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sumed that his original estimate was “fat” and because of it he showed defi- 
nite dollar savings as compared with his original estimate? Again, whose 
budget is to be considered? Normal rotations would place each commander 
under the domination of his predecessor. The predecessor’s ability to budget 
would determine the efficiency of the commander that succeeds him. 

The second solution has been to use cost standards as a basis of com- 
parison for accrued costs. Example standards are cost per flying hour, cost 
per line item of supply, and cost per meal served. But again this appears to 
be unfair to the base commander. He has little control over which military 
personnel are assigned to him. Their ranks and abilities are, in a large 
measure, predetermined by higher headquarters. He has little control over 
the fixed facilities with which he is operating. Such things as the type of 
material in his runways, the availablity of rail facilities to haul in his sup- 
plies, the distance he is from his ration point, all enter into the cost although 
he has little or no control over them. 

The income side of the equation is not available to the military ac- 
countant. Also it does not appear that suitable comparisons to take the place 
of the income side of the equation are available either. Consequently the 
military accountant is placed in the position of finitely measuring costs but 
not having any suitable measure with which to compare them. The question 
might be asked the civilian accountant, “How much accounting would you 
be doing today for your industrial concern if you could not use the basic 


’ 


accounting equation?’ 


the solution 


To solve this dilemma, the fundamental difference as between military 
and civilian accounting in the accrual area must be recognized. Once this 
difference is recognized, the basis for decision should follow. 

The necessity for dollar information in the military is not questioned. 
The expenditures in the military establishment are enormous. But by the 
same token resources should not be put in any area from which definite 
benefits will not result. Under the limited personnel ceiling of the Air 
Force every man in the accounting area is one less man maintaining an air- 
craft on the line. There is much good management information in the 
present fiscal expenditure system. Utilization of this information should be 
fully explored. When coupled with an accounting system for the inventories 
in the Air Force it will provide a wealth of usable information. 

This article has pointed toward the necessity of finding some kind of 
qualitative measurement for the effectiveness of a military operation. The 
military would have been derelict in their duty if they had not developed 
and used such a system through these many years. This is an inspection 
system. A person qualified in any particular area makes an on-the-spot visit 
and report as to the quality of the operation being inspected. While this 
is a judgment measurement not subject to the finite measure of dollars, it 
would appear to be the best and only system available to the military. Dol- 
lars do provide a general measure of effectiveness. They can measure the 
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relative merit of two plant managers. But they cannot judge the relative 
merit of two base commanders. 

It is believed that the maximum financial accounting system for the 
Air Force should consist of two main elements. The first is a fiscal account. 
ing system—which accounts to Congress on the basis of the appropriation 
account structure. The second element is a system that will account for the 
inventory of the Air Force on a dollar basis. Concentration on these two 
elements will provide to a commander the maximum of useful financial in. 
formation with a minimum of personnel and effort assigned to the financial 
area. 


Headquarters Air University 
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Orbits of Satellites 


CoLonEL JOHN F. Bascock 


ITH the advent of the ballistic missile as a weapon delivery system, 

the need of airmen for mathematical understanding of this new 

military art took a decided spurt. Many, initially at least, believed 
that the principles involved in the computation of missile flight paths must 
be one of the newer, and abstruse, branches of mathematics. 

But as one begins to probe into a few fundamentals, he soon finds that 
many of the problems of the satellite trajectory and their solutions are over 
three hundred years old. Maybe even more surprising is his discovery that 
a number of the basic laws governing the orbits of planets, which are very 
similar to satellite orbits, were developed with only the simplest of mathe- 
matical theory and the crudest of the scientific instruments. The great 
pioneers who formulated the laws of planetary motion had no high-speed 
electronic computers to perform their calculations or to test their theoretical 
computations of the rigid paths they postulated by scientific law for the an- 
cient “wandering” planets. 

In the 1957 Summer Issue of the Air University Quarterly Review ap- 
peared a very timely article, “Notes on Technical Aspects of Ballistic Mis- 
siles.” Reactions from students and faculty alike at the Air Command and 
Staff College of the Air University indicated that the theories it related to 
the ballistic missile were of extreme interest and well presented. Some felt 
in addition that the accelerated interest in astronautics might justify a brief 
review of the more fundamental aspects of analytical geometry to assist in 
understanding missile trajectories. Accordingly an attempt will be made to 
present the basic conic section formulas bearing on these trajectories, together 
with a few of the laws of physics and concepts of astronomy illuminating the 
orbits of missiles. 

Most of the material presented here* has been digested from various text- 
books in mathematics, physics, and astronomy, and no originality is claimed 
for the stated formulas. It is hoped, however, that what is offered may act 
as a catalyst for airmen in stimulating them to become more knowledgeable 
in mathematics, and particularly the mechanics phase of physics. For any 
genuine understanding of the ballistic missile or satellite orbits the funda- 
mentals of their mathematics and physics must be understood. 


*The author wishes to express his appreciation for the valuable comments and suggestions 
given by Dr. J. A. Greenwood, Mathematician, Physical Vulnerability Division, Directorate of 
Intelligence, Headquarters USAF; and Dr. Vladimir Rojansky, Physicist, Space Technology 
Laboratories, The Ramo-Wooldridge Corporation, Inglewood, California, in their review of the 
original draft of this paper. 
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The sequence of the material to be presented will be: 
a. A discussion of conics or conic sections from both a mathematical 
and a graphical standpoint. 
b. A brief discussion of the laws of Newton and Kepler. 
c. A discussion of basic formulas relating to principles of astronautics, 
d. A brief discussion of physical constants which are of major im. 
portance in astronautics. 


e. A series of problems with which the reader may try his hand in the 
application of the mathematics and physics discussed. 


Conic Sections 


First we shall consider the various types of conic sections. By definition, 
conics or conic sections are formed when a plane intersects a right circular 


cone. These sections can be a straight line, a circle, a parabola, an ellipse, callec 
or a hyperbola. with 

In order to minimize discussion and details many diagrams and illustra- wise | 
tions will be shown. In the development of the mathematical formulas only 4 
the key points will be stated, and the reader will be left to complete the deri- three 
vations from standard texts, if he desires. referé 

Analytical geometry is the branch of mathematics which assembles the and t 
fundamentals of algebra, geometry, and trigonometry for detailed analysis easily 
in various types of equations. One of its most important tools is the rectangle by th 


coordinate system, as a means of locating points in a plane or three-dimen- 
sional space. To locate points accurately in the rectangular frame, coordinate 2 
or plotting paper is used. I 


Rectangular Coordinate System 


Figure 1 shows two axes, the horizontal or X axis and the vertical or Y 
axis, drawn perpendicular to each other and intersecting at the point 0, 






















P;(—6, —5) 


ion, Fig. 1 

ular 

pse, called the origin. These axes divide the plane into four quadrants, starting 
with Quadrant I in the upper right-hand corner and moving counterclock- 

stra- wise for Quadrants II, III, and IV. 

only The point P (3, 4) indicates that this is a point in the first quadrant, 

leri- three units to the right of the Y axis and four units above the X axis. The 
reference P:(—4, 2) states that point P2 lies four units to the left of the Y axis 

the and two units above the X axis. By inspection other points can be identified 

lysis easily from their respective positions in relation to the origin, as indicated 

agle by their coordinates. 

1en- 

nate 


... rectangular coordinates 


In many cases specific numerical coordinates are not known; however, 
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= 











y’ 


Fig. 2 





the symbol for a point P can be written as P (x,y) as shown in Figure 2. This 
notation means the point P is located x units to the right of the Y axis and 
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y units above the X axis. The sign preceding x or y may be either plus (+) 
or minus (—); therefore in accord with the signs, point P could lie in any of 
the four quadrants. If a perpendicular is dropped from point P to the X 
axis, the right triangle OPN is formed and it is readily seen from the Pythag. 
orean theorem that OP = x* + y’. 


. . . equation of a straight line 


In Figure 3, using the rectangular coordinate system, the line L inter. 
sects the X axis at A and the Y axis at B. Let P(x, y) be any point on the 


P(x, y) 


P(r, 6) 














y=mt+b 
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tan@= ON =™ 








Fig. 3 Fig. 4 


line L as shown. The line L makes the angle theta (6) with the X axis. Now 
draw a line T through point O, the origin, parallel to line L. Next draw PN 
perpendicular to the X axis. PN will then be parallel to the Y axis. 

Let OB = b and let tangent 6 = m. Then PN = QN + PQ, QN = ON 
tan 0, PN = y, ON = x, and PQ = OB. Therefore by substitution in the 
equation PN = QN + PQ: 


y=mx+b 


This is the general equation of the straight line L. Notice this is a first- 
degree equation, as x and y appear in it to the first power. This means the 
line L can intersect the X and Y axes only once. 


... polar coordinates 


In addition to the rectangular coordinate system another and sometimes 
more convenient system known as polar coordinates is used, as illustrated in 
Figure 4. It is apparent that any point P in the plane can be described by 
giving its distance r from the origin O and the angle @ the line OP makes 
with the X axis, measured in a counterclockwise direction. The X axis is 
then referred to as the initial line and O as the origin or pole. The line 








and 
of O 


Cirel 


movi 
calle 


circle 


of a 
poini 


point 


r equ 
angle 
obtai 












> (+) 
ny of 
he X 
‘thag- 


inter- 
n the 


P(r, 6) 


Now 
w PN 


- ON 
n the 


first- 
is the 


times 
ed in 
od by 
nakes 
xis is 
ine 1 





ORBITS OF SATELLITES 





117 





and the angle @ are called the polar coordinates of the point P. The length 
of OP or r is called the radius vector. 


Circle 


By definition a circle is the path of a point (called the locus) which 
moves in a plane so as to maintain a constant distance from a fixed point 
called the center. 


... with center at origin 


If in Figure 5 the center lies at the origin O of a rectangular frame, the 
circle can be expressed by the equation 


pyr 


To demonstrate a use of this equation, consider what will be the radius 


P(x, y) 


8 





x2 + y2 = r2 





y’ 


Fig. 5 


of a circle when its center is at the origin O in the rectangular frame, if a 
point on the circle is located at P (3, 4): 


a — 74 y? 


x 
= 


~ 4. 
Noy y 
or 

or 


. with center not at origin 


Suppose the center of the circle is not at O but is located at some other 
point, C (h, k). 

As seen from Figure 6, P(x, y) is any point on the circle with its radius 
requal to PC. By inspection of the figure, PS = y, OS = x, ON = h, CN = 
k = TS. Further, PT = PS — TS and OS — ON = NS = CT. In the tri- 
angle CTP we have PT? + CT? = r’. By substitution in PT? + CT? = 1°, we 
obtain the following: 


(PS — TS)’ + (OS—ON)=r° 
(y— ki + (x —hP =r 
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This equation is the general equation for a circle when its center is not at 
the origin. Suppose the center of the circle C (h, k) was located at the point 

















P(x, y) 
¢. 
C(h, k) Fy 
2 x 
N S 
66 (x — h)? + (y — k)? =r? 


Fig. 6 


P(5, 6) and the radius of the circle was 4. Its equation would then be 
(y — 6)? + (x — 5)? = 4’, or x? — 10x + y? — 12y + 45 = 0. 


Similarities of Certain Conic Sections 


The three conic sections, the parabola, the ellipse, and the hyperbola, 
are of particular importance in orbit computations. Certain like terms (fo- 
cus, directrix, and eccentricity) appear in their respective definitions and 
should be understood before proceeding with them. 

Focus. The focus is a fixed point of reference with respect to the conic 
section and is located on its major axis. 

Directrix. The directrix is a fixed straight line which is also used as 
a reference and is perpendicular to the major axis of the conic. 

Eccentricity. The eccentricity is a numerical constant designated by 
the letter e and is determined by the following formula: 


distance of any point on the conic from the focus 





€e= 
distance of the point from the directrix 


It will be seen that the shape of the conics is determined by the value 
of the eccentricity e. When 
e = 1 the curve is a parabola 
e <1. the curve is an ellipse 


e = 0 the curve is a circle (special case) 


e > 1 the curve is a branch of a hyperbola 
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..- parabola 


The parabola is the locus of a point which moves so that its distance 
from a fixed point called the focus is equal to its distance from a fixed straight 
line called the directrix. 

In Figure 7 let F be the focus and YY’ the fixed line or directrix. Let 
OF = 2a and P(x, y) be any point on the curve. Draw the line PP’ perpen- 
dicular to XX’ at N and draw LL’ perpendicular to XX’ at point F. Also 
draw the lines LK and PM perpendicular to YY’. By definition of a parabola 
the eccentricity e equals unity and is a constant ratio. From the figure, 
e = PF/PM or PF = PM, since e = 1. In the right triangle PNF, PF? = 
PN? + NF*. Since PF = PM, then PM? = PN? + FN?. By substitution, 
x= y+ (x — 2a)’. Simplifying the equation, we now have y’ = 4a(x — a). 

This curve cuts the X axis at point A (a, 0). The point A is known as 
the vertex of the parabola. The curve can be moved to the left so that the 
origin A lies on point O, and the equation will then become y’ = 4ax. The 
focus of the transferred equation is at (a, 0) and the directrix is the line 
x+a=—0. 


Y au 








= P(x, y) 
K L 
a a 
=x £ x 
A\(a, 0) |F N 








L’ 


“a 
' 


Fig. 7 








It is noted that this equation is second degree with respect to y and first 
degree with respect to x. The equation for a parabola can also be derived 
such that x? = day. The curve would then be symmetrical with the Y axis. 


... ellipse 


The ellipse may be defined as the locus of a point which moves so that 
its distance from a fixed point called the focus maintains a constant ratio e, 
which is less than unity, to its distance from a fixed line called the directrix. 
The equation for the ellipse will not be derived, but pertinent points 
will be noted which should assist the reader in dealing with the standard 
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equation of the ellipse. In Figure 8, F and F’ are the foci. The line KL js 
the directrix and F’ and line K’L’ are symmetrical to F and line LK. OA = 


is gre: 
rectrip 






































OA’ = a, the semi-major axis of the ellipse. OC = b, the semi-minor axis, I 
tricity 
cK ™ line A 
Cc 
~ ae | P(x, y) 
7 a 4 
N| A\————~_———_9 Q F /|A’ |N od 
a 
2 2 
53 +e 
L z” L 
Fig. 8 


The eccentricity e equals PF/PM, from the definition of the ellipse. The ec. 


centricity e also equals AF/AN. I 
In the formal derivation of the equation for an ellipse the following expre 
results: 
x? 2 
~+—+~= 
a’ a*(1 — e’) 
Since 


This equation is an expression of the ellipse in terms of point P(x, y), the 


om ie ¢*) is 
length of the semi-major axis a, and the eccentricity e. The standard equa- 





; os ‘ a mn 2 ste equat 
tion for the ellipse is obtained by substituting b? for a’(1 — e*), which gives 
x? y? 
at ale 

The equation now expresses the ellipse in terms of point P(x, y), the semi- a 
major axis a, and the semi-minor axis b. ticulé 
This is one of the most important equations in determining the path of a a 
. . + . . | € 4 

planet as it makes an elliptical orbit around the sun. It is also of extreme | 
value in missile computations in determining the path of a satellite when its S 
orbital velocity varies from 5 miles per second to 7 miles per second. stract 
sult f 
... hyperbola ~_— 
a poi 


The hyperbola is defined as the locus of a point which moves so that its cone 
distance from a fixed point called the focus maintains a constant ratio, which tude, 
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> KL if js greater than unity, to its distance from a fixed straight line called the di- 
OA =§ rectrix. 

or axis, In Figure 9 the focus is F and the directrix is line MZ and the eccen- 
tricity e = FA/AZ or PF/PM. The line M’Z’ and point F’ are symmetrical to 
line MZ and point F. 



























P(x, y) 




















“he ec 


In the formal derivation of the equation of the hyperbola the following 
lowing expression is obtained: 


x? 2 
a ae 


a® i | Seo e) 


Since by definition the eccentricity e is greater than 1, by inspection a?(1 — 





) . . — a. : 2 2 
))) te e*) is negative. Therefore —b? is substituted for a*(1 — e*), and the standard 
©qu* | equation for a hyperbola is formed: 
| gives 
x? y? 
—-—--— =1 
a° b? 
semi- This equation has considerable significance in missile computation, par- 
ticularly when a satellite is given a velocity in excess of 7 miles per second. 
1 of a : : 
‘reme | Lhe Sections of a Circular Cone 
en its So far we have discussed the conics or conic sections more or less ab- 


stractly. A clearer picture of the formulas that have been derived may re- 

' sult from an exhibition of their relation to a three-dimension geometrical 
figure, the right circular cone. In Figure 10 let lines L and M intersect at 

a point P. With PL as an axis, rotate the line PM so that a right circular 
at lS cone is generated as in the figure. In the right circular cone, PL is the alti- 
vhich | tude, ML is the radius of the base circle, and the line PM is called an element. 








Conic Sections 


Pp 
M 
y=mx+b 
(straight line) 
Fig. 10a 
\ | 
tails a 
Fig. 10 
: r P 
x- - 
a + eo =1 
(ellipse) 
e<l 
Fig. 10c 


y? = 4ax 
(parabola) 


e=1 
Fig. 10d 











x? + y2 = gq? 
(circle) 
e=0 
Fig. 10b 





b2 
(hyperbola) 
e>l 
Fig. 10e 
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If we were to imagine a plane intersecting the right cone in such a man- 
ner that it passes through only the element PM, as in Figure 10a, the inter- 
section of the plane and the cone would be a straight line. This line PM 
could then be defined mathematically in terms of its length PM and the 
tangent of the angle @ it makes with the line ML. Or, as we defined pre- 
viously, y = mx + b. 

The curve of intersection of a right circular cone by a plane is called a 
conic section, or simply a conic. 


a ... the circle 


Let us pass a plane through the cone perpendicular to the line PL. As is 
seen from Figure 10b, the section cut is a circle, or, as is usually said, the cut- 
























ting plane generates a circular section, or circle. This circle can be expressed 
by the equation 


i a 


... the ellipse 


Next pass a plane through the cone at other than right angles to PL, in 
such a manner that the section generated is closed, Figure 10c. This section 
is an ellipse and can be expressed by the equation 


t 
= 
ay 











... the parabola 


If we pass a plane through the cone in such a manner that it is parallel 
to an element of the cone, i.e., the line PM’, a parabola is generated, as in 
Figure 10d. This section can be represented by the equation 


of = Age 


It will be noted that this section is open. If the curve generated in this way 
is extended toward infinity, the ends of the. curve will approach parallelism. 


... the hyperbola 


Finally if we cut the cone at still a smaller angle, Figure 10e, it will 
generate a curve called the hyperbola, i.e., angle 6 is smaller than angle ¢. 
This curve, like the parabola, is open and can be expressed by the equation 


i) 
to 


It will be noted that a second cone has been added to Figure 10e. This 
upper cone has been generated by extending the lines PL and PM through P. 
It will be further observed that the upper cone may be considered a mirror 
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image of the lower cone. Consequently when the plane is passed through the : 


lower cone, it will in turn intersect the upper cone, and a second hyperbola 
symmetrical and equal to the lower hyperbola, will be formed. 


. . importance of the ellipse 


Although the detailed derivations for both the ellipse and hyperbok 
have been omitted, it is recommended that the complete derivations of these 
formulas be obtained from any standard text on analytical geometry. From 
the standpoint of computing the trajectory of a missile that is to be fired 
from a given point 4 on the surface of the earth to another point B (the tar. 
get), the ellipse and its basic equation will be of maximum interest to the 
missileman. 


Size and Shape of the Ellipse 


From the discussion so far of conic sections it should be obvious that 
the particular size or shape of an ellipse is a function of its major axis, its 
minor axis, and its eccentricity. The following may help to develop a better 
appreciation of the varying forms of an ellipse when (1) the eccentricity ¢ 
remains constant and the semi-major axis a and semi-minor axis b vary; and 
(2) when the eccentricity e is the variable and the semi-major axis a re- 
mains constant. 


-- +» as a function of the semi-major axis 


In Figure 11 we shall consider an ellipse with eccentricity e = 0.75 and 
length of the semi-major axis a = 4. On the same major axis line, three ad- 


~ 











a b 
- V7 
8 27 
12 3V7 
16 4V7 


Fig. 11 


ditional ellipses are constructed in such a manner that their eccentricity re- 
mains as 0.75 but their semi-major axis varies at a ratio 1:2:3:4. 
By using the formula for the ellipse 
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when a = 4 and e = 0.75 or 34, we solve for b: 


v= 16-2) orb?=7 andb=y7 


. 


Other values for b when a changes to 8, 12, 16 are shown with Figure 11, 
which also shows the four resulting ellipses. It is conclusive that when the 
eccentricity e remains the same and the major axis varies, a series of ellipses 
similar in shape will result. 


...asa function of eccentricity 


Next let us consider the ellipse when the semi-major axis remains con- 
stant and the eccentricity varies in some specified ratio, for example 1:2:3. 
Figure 12 will demonstrate this series of ellipses. Again we use the formula 
for the ellipse: 


x? 2 
Pe Salle 


Now in b? = a’(l — e’) the eccentricity e changes from 0.25 to 0.50 to 0.75, 
but the semi-major axis a remains constant at 4: 


v= 16(1- 1) orb?=15 andb=vyIs 


The semi-minor axes of the other two ellipses are 12 and v7 respectively. 
It will be noted from the figure that as the eccentricity increases, the 
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b 
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193) 
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(3) 
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ellipse a b 
1 0.25 4 vi5 
2 0.50 4 viz 
3. 0.75 4 v7 


Fig. 12 
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semi-minor axis decreases. This particular relationship has significance t 
the missileman in the computation of elliptical orbits. 


Paths of the Satellite 


In Figure 13 a satellite or a mass m is considered to be in a position 10) 
miles from the surface of the earth. Further, for the purpose of this analysis 
the earth is assumed to be a perfect sphere and to possess no atmosphere, 
so that frictional air resistance may be discarded from the computation. |; 
the satellite is free to move and if no additional velocity is imparted to it 
it will move directly toward the earth. 


v>7 mi/sec 





(hyperbola) 
- e>l 
as s 
2 v = 7 mi/sec 
a i (parabola) 
= ee) ee 
se] 
rf 
> 
t 
v<5 mi/sec * v = 5 to 7 mi/sec 






(ellipse) 
e<l 


(ellipse ) 
e<l 








satellite 
or mass m 






v = 5 mi/sec 
(circle) 
e=0 








Fig. 13 


Next the satellite is assumed to be given an extremely high lateral speed 
which would approach the speed of light. The path which the satellite will 
then take is a straight line, as indicated in the figure. If the satellite is given 
a velocity greater than 7 miles per second (mi/sec), it will follow a hyper- 
bolic path, having a focus at the center of the earth. This conic section, as 
has been explained previously, will have an eccentricity e greater than 1. 
If the satellite has a velocity of approximately 7 mi/sec, it will follow a para- 
bolic path, with focus at the center of the earth. It will be recalled that the 
eccentricity e of a parabola is equal to 1. If the satellite is given a velocity 
between 5 mi/sec and 7 mi/sec, it will follow an ellipse with the focus to the 
left of the origin, the one nearest the satellite, at the center of the earth. If 
the velocity imparted is about 5 mi/sec the satellite will move in a circle; the 
eccentricity e is then zero (0). And finally, an imparted speed less than 5 
mi/sec will result in an ellipse, of which the farthest focus from the satellite 
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will be at the center of the earth. It will be noted that the satellite is pro- 
jected in all cases at an angle of 90 degrees with the line joining it to the 
center of the earth. 


The Laws of Newton and Kepler 


The theory and the mathematical derivations of conic sections are hun- 
dreds of years old, as these various curves are manifest in nature to be no- 
ticed by the mathematician and the scientist of any age. We may well im- 
prove our understanding of the orbital paths that missiles will follow in 
space by reviewing certain fundamental observations made by John Kepler 
(1571-1630). As the result of his avid interest in the orbit of Mars as it cir- 
cumnavigated the sun, this German scientist has provided the missilemen of 
today with three very important conceptual tools. In fact the orbital laws 
he postulated are the basis for the science of celestial mechanics. 


Kepler’s Laws of Planetary Motion 


The laws of planetary motion that Kepler formulated from astronomical 
measurements are as follows: 
1. The orbit of each planet is an ellipse with the sun at one of its foci. 
2. Each planet revolves so that the line joining it to the sun sweeps 
over equal areas in equal intervals of time. 
3. The square of the period of revolution of any planet is proportional 
to the cube of its mean distance from the sun. 


... the Law of Areas 


A more detailed look at Kepler’s second law, often called the Law of 
Areas, is important. From this law we are able to ascertain the change in 
velocity of a satellite by its position at any point on an ellipse in which it 
circumnavigates the earth. Kepler drew his conclusions from observing the 
courses of the planets in their orbits around the sun. In his second law, the 
Law of Areas, he set forth the principle that as the radius vector of a circle 
or an ellipse makes a complete revolution, like a hand round the clock face, it 
will, if the time of revolution is divided into equal periods, sweep over equal 
areas of the conic during each period. 

In Figures 14a and 14b, we have a circle with e = 0 and an ellipse with 
e = 0.75. The diameter of the circle is equal to the major axis of the ellipse. 
For the circle the radius vector is equal to the radius. Now in Figure l4a 
allow the radius vector to start at point A and to sweep counterclockwise 
around the circle. Note the eight separate areas formed by the radius vector 
during this revolution if it is drawn separately to the points t: through ts. 
According to Kepler’s second law all these segmented areas are equal, and, 
by observation, they are also symmetrical. Therefore all the eight arcs are 
equal. If we consider a mass m starting at A and making one revolution in 









t, = 4P t, = 0 
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a counterclockwise direction, the velocity of the mass m would be the same 
for each of the eight arcs. 


ts = %P 








=” Fig. 14b 
Fig. 14a 


The ellipse in Figure 14b yields a different situation. Again applying 
the Law of Areas and allowing the radius vector to sweep over equal areas in 
equal intervals of time, it is noted that the areas are not symmetrical, since 
the radius vectors for the equal areas are not equal. The arc of Sector I is 
larger than the arc of Sector II, and the arc of Sector V is the smallest of all. 

By applying Kepler’s second law in astronautics we see that a satellite 
in an elliptical orbit about the earth will be in a constant state of accelera- 
tion or deceleration depending on its position with regard to the focus of 
its orbit. Since a satellite revolving around the earth in an elliptical orbit 
will have the earth at one of its foci, it must move at its fastest speed when 
it is nearest this focus (perigee) and slowest when it is most remote from 


it (apogee). 


Newton’s Laws of Motion 


The laws of dynamics formulated by Sir Isaac Newton (1642-1727) form 
another set of principles pertinent for the missileman. These laws of force 
and motion may be stated as follows: 

1. Every body persists in its state of rest or of uniform motion in a 
straight line unless it is compelled to change that state by a force impressed on 
it by some other body. Stated another way, bodies at rest tend to remain at 
rest, and bodies in motion tend to remain in uniform motion unless acted on 
by other bodies. This latter statement is frequently referred to as the Law 
of Inertia. 

2. The acceleration of a body is directly proportional to the net force 
applied to it by other bodies, and inversely to the mass of the body; it takes 
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place in the direction of the straight line in which the net force is acting. This 
law is expressed by the formula F = ma. 

3. For every action there is always an equal and opposite reaction. In 
other words if a body A exerts a force on a body B, then body B exerts an 
equal and opposite force on body A. It is important to note that the action 
and reaction never act on the same body. 






























... uniform motion in a circle 


Suppose that a body of mass m is moving with a constant speed v in a 
circle of radius r. According to Newton’s first law of motion, an external force 
must be acting on this body; otherwise it would move uniformly in a straight 
line. Elementary considerations show that this force must be acting toward 
the center of the circle, as is perhaps obvious in the case of a stone whirled 
at the end of a string. The formula* for this force proves to be 


F= ms (1) 


In other words if we see a body of mass m moving with the constant speed 
v in a circle of radius r, we can conclude at once that another body must be 
pulling it toward the center of the circle with the force mv*/r.** 


Newton’s Law of Universal Gravitation 


The genius of Newton was evidenced by the reasoning to show that the 
three laws of Kepler are deduced from a simple law of universal gravitation. 
He stated this law as follows: Every particle of matter in the universe attracts 
every other particle with a force that varies directly as the product of their 
masses and inversely as the square of the distance between them. By formula 
this law can be expressed in the following way: 





F-=G mXm (2) 
— 
F = force of attraction mz = mass of second body 
G = universal constant d = distance between 
of gravitation masses 


m; = mass of first body 


The constant of gravitation G is defined as the force of attraction between 
two unit masses at unit distance apart. If in Equation (2) m: and mz both 
equal | gram and d is | centimeter, then G equals F. The constant G is held 


*This equation and others discussed will be used in a series of problems on page 139. Each 
major equation is followed by a number in parentheses for later reference. 


**If a body moves in a circle, the force pulling it toward the center of the circle is called the 
“centripetal” force. The reaction to this force (which acts on the body that causes the first body 
to move in a circle) is called the ‘‘centrifugal’’ force. For example, when a stone is whirled on a 
string, the string applies to the stone the centripetal (inward) force and the stone applies to the 
string the centrifugal (outward) force. 
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to be the same throughout the universe, whatever the physical properties of 
the attracting particles or their surrounding conditions. In the centimeter. 
gram-second system the value of G is 6.673 x 10°° dyne cm*/gm? and thus the 
attraction between I-gram masses | centimeter apart is about one 15-millionth 
of a dyne. The gravitational force with which the earth pulls on a satellite 
can be written as 





Mm 
Fr =< 
os @) 


where M is the mass of the earth, m the mass of the satellite, and R the dis. 
tance from the center of the earth to the satellite. 

A body of mass m located at the surface of the earth is pulled down with 
a force mgo, where go is the gravitational acceleration at the surface of the 
earth. The pull acting on this body is the gravitational pull of the earth, 
and is therefore equal to GMm/R.’ where Ro is the radius of the earth. Con- 
sequently, mg = GMm/R.’, and therefore 


G= goRo’/M (4) 


The equation F = GMm/R’ can therefore be written in the form 


R.’ 
da 





F = mgs (5 
which is sometimes more convenient. 

The reason for the law of gravitation is still not completely understood 
today, although the general theory of relativity provides good clues to it. In 
other words the law of gravitation tells how gravity acts but does not say why. 

As opposed to other accepted scientific and mathematical phenomena, 
gravitation offers several notable differences. For example, light can be 
reflected or refracted, and its velocity is measurably reduced when it is 
directed through any transparent medium. But there is no evidence to indi- 
cate that gravitation can be either reflected or refracted, nor is there any 
noticeable reduction in its effect between two masses when they are separated 
either by a transparent or by an opaque substance. 

Newton’s Law of Gravitation, F = Gmim:/d’, refers to only two masses 
and suffices in this form for solution of the “two-body problem.” In actual 
practice when applying Newton’s “inverse-square law” to problems of astro- 
nautics, several bodies must be taken into account to embrace all the forces 
that would be reacting on a given body in space. We then have the “N-body 
problem,” obviously much more complex than the two-body problem. 


.. . the two-body problem 


For our present discussion we shall deal with only the two-body, or two- 
point, problem. In Figure 15a, two masses, m: and mz, are at a given distance 
d from each other. Assume that m: has 10 times the mass of mz. Next consider 
the line joining their centers as a rod of zero weight with a length of 11 
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units. This two-point problem could be considered to balance at point A on 
the rod, which is one unit from the center of m: and 10 units from mz. Point 
A is defined as the center of mass of the two-body problem and is often 


m, = 10 


m, =1 
d 
“a 
1/ A 10 


Fig. 15a 








m, = 13.2 x 1024 Ibs, 


m2 = 20 Ibs. 





Fig. 15b 


referred to as the center of gravity of the two-body system. Using Figure 
15b, assume that m, is an extremely large mass such as the earth, and mz is a 
small mass like the satellite Vanguard. By the same analogy as before in 
determining the center of mass, it is obvious that here, for all practical pur- 
poses, it will be the center of mass of the earth. Yet though the center of the 
mass of the two separage masses may be considered at the center of the mass 
of the larger, there is still mutual attraction between the two masses. 


... the center of attraction 


An important consequence of the law of gravitation is that the attraction 
of a sphere is always directed toward its center, as if the entire mass of the 
sphere was concentrated at that point. 

In computation of missile trajectories one must remember that the earth 
is not a true sphere but an oblate spheroid. Consequently the force of at- 
traction upon a given mass located on the surface of the earth is greater at 
the poles than if this same mass were positioned at the equator. This is 
readily seen from Newton’s Law of Gravitation, since the force of attraction 
varies inversely as the square of the distance between two masses. 


.. . acceleration of the attracted body 


Another important fact of gravitational attraction is that if two bodies 
are attracted toward each other and are free to move, the acceleration of the 
attracted body is independent of its mass. 

This fact can be readily demonstrated by considering Figure 15b. Assume 
m; to be the attracting body and mz the attracted body. The force of attrac- 
tion between the two masses is F = Gmim./d*. According to Newton’s second 
law of motion, m2 is accelerated toward the attracting body m: with an 
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acceleration az, the force being F: = msa2 Equating F and F:, then ma; = 
Gmim2/d’ or a2 = Gm:/d’. 

This formula demonstrates that the acceleration az of the attracted body 
is independent of its mass mz, since its mass mz does not appear in the cleared 
equation. 


Basic Astronautic Principles 


By now the reader should have a feeling for the mathematics relating 
to conic sections, for the physical constants pertaining to missiles or satellites, 
and for certain fundamentals of physics considered in orbit computations. 
With such tools some basic principles of astronautics can be developed. A 
step-by-step procedure will be used to derive several formulas and equations 
when the mathematics involved is rather elementary. Some formulas or 
mathematical expressions will be introduced which must be accepted at face 
value, as their derivations are based upon principles and laws contained in 
celestial mechanics, all of which are beyond the scope of this paper. When 
notations of this category are cited, unfamiliar terms will be defined and 
particular reference will be made regarding the utility of the formula in 
demonstrating a principle of astronautics. 

In this section a series of analyses will now be considered regarding a 
mass m in some type of orbit with respect to the earth. In these examples the 
mass m will not change as its velocity varies. The earth will be considered as 
a perfect sphere with its mass M at the center and without any surface 
irregularities, such as mountains. In addition the earth’s atmosphere will be 
neglected in order that frictional air resistance losses may be discounted in 
the computations. 


Circular Orbital Velocity 


In this first analysis a formula will be developed for the circular orbital 
velocity of a mass m as it moves in a circular path at the earth’s surface. 

With reference to Figure 16, assume the mass m to be a few feet above 
the surface of the earth and a given force imparted to it which will cause the 
mass to remain in a fixed circular orbit. For all practicable purposes the 
distance of the mass m from the center of the earth M will be Ro, the radius 
of the earth. Since the mass moves uniformly in a circle, the arguments 
discussed earlier lead to the conclusion that the mass is pulled toward the 
center of the earth with a force equal to mv’/Ro. This force is just the gravi- 
tational pull of the earth, which by Newton’s law of gravitation can be 
written as F = GMm/R.*. Equating these two formulas, we have mv’/Ro = 
GMm/R.’ and therefore: 


v? = GM/Ro (6) 


Also we can numerically equate mv*/Ro to mgo, the weight of the mass m. 
Solving for v*: 
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v= Rogo (7) 
This is known as the equation for the circular orbital velocity at the earth’s 


surface. 








Fig. 16 


Another interesting relationship is derived by equating F = GMm/R.”° 
and mg» and solving for GM: 





GMm = Mo 
Ré , 
GM = Rego , (8) 


This equation proves useful in transforming equations containing the univer- 
sal constant G to those of acceleration due to gravity go. 

By using Equation (8) we can solve for M. This will provide a formula 
for which the mass M of the earth can be approximated: 
Rego 
GC) 


Me = 


Assume that the radius of the earth Ro is 4000 miles, go = 32 ft/sec’, and G = 
1068 x 10°12 poundal ft?/Ibs?. 


(4000 x 5280)? x 32 
1068 X 10°" 
M = 13.2 x 10* Ibs 


Mics 





Energy Relationships of a Mass in Various Orbits 


When a mass m is in motion and moving in a straight line, circular, 
elliptical, parabolic, ot hyperbolic path with respect to the earth, two differ- 
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ent types of energy are in evidence, viz., potential energy (PE) = mgh, and 
kinetic energy (KE) = mv*/2. The following discussion will show some of 
the relationships between these two energies when the mass m is following 
some prescribed conic-section path. 

It has been stated that when a mass m is in circular orbit about the earth 
at some distance R: from the center of M, as in Figure 16, the force due to 
gravitation and the centripetal force on the mass m are equal in magnitude. 
If we equate these two values and concurrently multiply both sides of the 
equation by R:/2, the equation becomes 


mv?/2 = GMm/2R, (9) 


This means that the kinetic energy KE of the mass m in circular orbit 
around the earth can be expressed in terms of G, the universal gravitational 
constant; the mass of the earth M; the mass m; and the distance R: the mass 
is from the center of the earth. It should be obvious that the KE needed to 
maintain the mass m in circular orbit decreases as its distance from the earth 
increases. 

Another very valuable pair of formulas can be obtained from the next 
analysis. In Figure 17, M is the center of the earth, and Rp its radius. The 
line A is perpendicular to the radius, and m is the mass of an object which 


infinity 


ie Se eRe = 
reference line Es 5) (—)mg J 


| 


line (1) —— 








surface of earth 
reference line — 








Fig. 17 


will be under close scrutiny. A line is imagined from M through m and away 
from the earth toward infinity. The line A is called the surface reference 
line and the line B the infinity reference line. 

First consider the mass m from the standpoint of the surface reference 
line A. The weight of mass m at the earth’s surface is mgo. As the mass m 
moves away from the earth, its weight (mgo) is decreased and can be deter- 
mined by the inverse-square law: 
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The mass m at line (1) will have a weight of mg: with respect to the earth. 
At infinity the mass would be completely out of the earth’s gravitational field 
and would therefore have zero weight with respect to the earth. 

Now move the point of reference to the line B, or infinity. Any value 
regarding distance with respect to infinity in the direction of the center of 
the earth M would be negative (—); therefore the weight of the mass m at 
the line (1) would be —mg:. Its PE would be —mg.R:. At the surface of the 
earth the PE of mass m would be —mg Ro. At infinity the PE would be zero 
(0), since the mass would be out of the earth’s gravitational field. By sub- 
stituting the value of g: from Equation (11), the PE of —mgiR: becomes 


PE = —mgoR'/Ri (12) 





It has been stated that when a missile or satellite is moving along a conic- 
section path two types of energy, KE and PE, are evident. The total energy 
(TE) of the moving body is the sum of these two energies, as expressed by 
the equation TE = KE + PE. Accordingly the TE of a mass m in circular 
orbit could be determined from the following equation: 


mgoRo 


TE = 1 7 — 
— R 


(18) 

It is noted that the mass m has a PE = —mg»Ro at the surface of the earth, 
as is indicated on Figure 17. If the mass m were fired vertically, its KE 
would fall off from its maximum value at the earth’s surface of mv’ to zero, 
at which point its vertical motion stops. Let this be at a height of R:. The 
PE at this point would be —mgoR.’/R:. The maximum distance the vertically 
fired mass m would travel can be obtained from the equation TE = KE + 
PE: 

mgoRo 


KE + PE =0- R = Ygmv® — mgoRo 


Solving for v’? and reducing the equation of m: 
Re 

uv? = 2goRo — 2go 
g' & R, 


v= 2g = Re) (14) 


1 








As was previously stated, a number of formulas and principles are cited 
in this paper without benefit of derivation, because of the difficult mathe- 
matics involved. These formulas and principles can be verified in textbooks 
on advanced physics or celestial mechanics. With reference to Figure 18 the 
following statements are valid: 
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a. The total energies of a mass m moving in either circular or elliptical 
orbit are equal when the radius of the circle is equal to the semi-major axis 
of the ellipse. 

b. The sum of the potential energy PE and the kinetic energy KE of a 
mass m in either circular or elliptical orbit is a constant. 











Fig. 18 


The velocity of a mass m at any point in an elliptical orbit can be 
obtained from the following formula: 


” 2 1 
v’ = GM (2 — 5 (15) 


This equation will determine the velocity of the mass m in elliptical orbit, 
in terms of the radius vector r and the semi-major axis a. As was mentioned 
previously, the semi-minor axis b of an ellipse only helps to fix the focus and 
does not enter into the energy equation. The values of constants G and M 
are listed on page 142. 

The velocity for mass m when in hyperbolic motion is expressed by the 


equation 
—— 2 | 
v= om (2 + t) (16) 


The only difference between this equation and Equation (15) is that the sign 
of 1/a is positive. 

Another useful equation clarified by Figure 19 gives the length of the 
radius vector r in terms of the angle 6, the semi-major axis a, and the eccen- 
tricity e. The angle 6 is measured from the semi-major axis in a clockwise 
direction from the line AF to the radius vector r. The equation is 

a(l — e’) 


_ ae 17 
1 + e cos 0 (17) 


By a different method than was used of page 118, the eccentricity e of an ellipse can also be 

defined as the ratio of the distance between the focus and the origin to the length of the semi- 

major axis. In Figure 19 the eccentricity e = FO/AO, or e = FO/a. It can also be proved that 
B = a, the semi-major axis of the ellipse. 
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Fig. 19 


Escape Velocity 


In Equation (14) suppose the velocity imparted to the mass m to be such 
that the mass moves to infinity or Ri = o. Then the fraction R.’/R: will 
become zero (0) and the equation would be reduced to 


v? = 2goRo (18) 


This is the formula for the escape velocity, or the velocity that must be given 
to the mass m to cause it to follow a parabolic path and escape from the 
earth. Velocity of the mass m at infinity is considered zero. The velocity of 
escape, or parabolic velocity, can also be expressed as v? = 2GM/Ro. In Equa- 
tion (8), GM = Ro'go, or GM/Ro = Rogo. Substituting in Equation (18): 


y— 2GM (19) 
Ro 


Imagine the mass m very near the surface of the earth and in circular 
orbit. Equation (7) stated that its orbital velocity was v? = goRo. Equation 
(18) gives us the velocity of escape. A proportion can therefore be established 
between the two: 





v® escape orbit 2goRo 
v® surface circular orbit golRo 
Therefore 
v escape = v surface circular orbit x V2 (20) 


Recalling Equation (7), i.e., v? = goRo, and substituting the value of 
32 ft/sec? for go and 4000 miles for Ro, the circular orbital velocity of a mass 
m at the earth’s surface is found to be approximately 5 mi/sec. Therefore 
from Equation (20), multiplying this value of 5 mi/sec by V2 gives the escape 
velocity of 7 mi/sec for the mass m. 





Summary 


In this paper an attempt has been made to introduce to the reader several 
mathematical relationships regarding astronomy, astronautics, and physics, all 
of which are significant in the fundamental computations of satellites and 
missiles in various types of orbits with respect to the earth. In order that 
further attention may be directed toward some of the more cogent points, the 
following summary is offered. 

a. Satellites placed in orbits which circumnavigate the earth may follow one 
of two conic sections: 
(1) circle (2) ellipse 
b. A satellite in parabolic or hyperbolic orbit will have sufficient energy to 
leave the gravitational effect of the earth. 
c. The following table summarizes the relationship of eccentricity e, 
satellite velocities, and types of orbits with respect to the earth: 


Eccentricity (e) Velocity Orbit 
zero approx. 5 mi/sec circle 
less than 1 (a) varies 5 to 7 ellipse with center of 
mi/sec the earth at the focus 
to the left of the 
origin O. 
(b) less than ellipse with center of the 
5 mi/sec earth at the focus to the 
right of the origin O. 
equal to 1 approx. 7 mi/sec parabola 
greater than | greater than hyperbola 
7 mi/sec 


d. Satellites in circular orbit revolve around the earth at a constant velocity. 

e. Satellites in elliptical orbit around the earth accelerate when approaching 
the perigee and decelerate when approaching the apogee. 

f. In computations of the gravitational effect of the earth upon a body, the 
mass of the body remains constant but its weight varies inversely as the 
square of its distance from the center of the earth. 

g. The circular orbital velocity of a satellite, neglecting atmospheric and 
gravitational losses, is approximately 5 mi/sec. 

h. The parabolic or escape velocity of a satellite with respect to the earth 
is approximately 7 mi/sec. 

i. The total energy of a satellite in circular or elliptical orbit is equal to the 
sum of its potential energy and its kinetic energy. 

j. In computation of velocities and energies of satellites care must be taken 
that the various values substituted in formulas are in the same units of 
measurement, i.e., either in the CGS (centimeter-gram-second) system or in 
the FPS (foot-pound-second) system. 
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Problems 


The reader is encouraged to try his hand at a few of the fundamental 
calculations relating to missile trajectories and satellite orbits. Armed by his 
perusal of the foregoing presentation of basic principles and formulas, he 
should find the play of the following problems an interesting and informative 
exercise. The figures and equations bearing on the solutions are referenced. 
Definitions on page 141 should be noted before solutions to the problems are 
attempted, as some of the terms used in the problems have not been previously 
defined. The answers are provided at the close of the list of problems. 

1. An ellipse has a major axis of 9800 miles and a semi-minor axis of 
4400 miles. What is the numerical value of eccentricity e? See Figure 8. 

2. In Problem 1, what is the length of the radius vector r from the focus 
F to the top of the semi-minor axis? 

3. In the figure below, the ellipse has an e = 0.20 and a major axis of 20 
units. What is the length of the radius vector r which makes angles of 0°, 
90°, and 180° with the line AF? See Equation (17). 








4. In the figure below, the point P is 800 miles directly above the earth. 
The line PF is perpendicular to the diameter of the earth. If the perigee 
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of the ellipse is 4200 miles and apogee 5600 miles, what is the eccentricity 
of the ellipse? What is the length of the radius vector r to the top of the 
semi-minor axis? See Figure 8 and Equation (17). 

5. In Problem 4, what is the length of the minor axis? See Figure 8. 

6. How much force is required to give a 200-gram mass an acceleration 
of 98 cm/sec’? Express this force in dynes. In grams. See the following 
“Table of Definitions, Physical Constants, Terms, and Formulas.” 

7. A mass of 20 lbs is rotating in circular orbit near the earth’s surface at 
5 mi/sec. Compute the centripetal force on this mass. See “Table of Con- 
stants and Terms.” 

8. How much work is done when a 200-lb man walks to the top of a hill 
which is 555 ft high? See “Table of Constants and Terms.” 


9. What would a 200-lb pilot weigh at a height of 1000 miles above the 
earth’s surface? (Newton’s inverse-square law.) See “Table of Constants and 
Terms.” 


10. Where is the center of gravity of two particles (bodies) with respective 
masses of 20 and 30 units, if they are 10 feet apart? See Figure 15. 


11. A pilot weighs 180 Ibs at the surface of the earth. What would be his 
weight on the moon? (Newton’s inverse-square law.) See “Table of Con- 
stants and Terms.” 

12. If the eccentricity of the elliptical orbit of the earth around the sun 
is 0.0167 and the semi-major axis is 93,000,000 miles, what is the distance of 
the perihelion? Of the aphelion? See Figure 8. 

13. Ata height of 2000 miles above the earth what is the value of accelera- 
tion of gravity in ft/sec’? In cm/sec’? 


14. The earth has a circumference of approximately 25,000 miles at the 
equator and rotates in an easterly direction. What is the velocity of the 
earth at the equator? See “Table of Constants and Terms.” 


15. Compute the velocity required at the equator of the earth to place a 
satellite into a circular orbit. See Equation (7). 


16. With the answer obtained in Problem 15, what would be the required 
take-off velocity if it were fired in an easterly direction? In a westerly 
direction? 

17. Compute the parabolic velocity or velocity of escape for a 20-lb mass. 
See Equation (19). 

18. A mass m is in a parabolic orbit with respect to the earth. What is its 
velocity when 10,000,000 miles away from the center of the earth? See 
Equation (18). 

19. A 20-lb satellite is placed in the elliptical orbit around the earth shown 
in the figure for Problem 4, with an apogee of 1600 miles and a perigee of 
200 miles. What is the velocity of the satellite at apogee? At perigee? At the 
top of the semi-minor axis? How do these velocities illustrate the theory 
of Kepler’s second law? See Figure 8 and Equation (15). 
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20. In Problem 19, what is the kinetic energy of the mass at its apogee? 
See “Table of Constants and Terms” and Equation (15). 


A Table of Definitions, 


Physical Constants, Terms, and Formulas 


Definitions 


acceleration due to gravity. The approximate value of the acceleration due 
to gravity, g, is measured at 32 ft/sec’ or 980 cm/sec’. 

aphelion. That point farthest from the sun in the order of any member of 
the solar system. 

apogee. That point on the ellipse of an orbiting body which is farthest from 
the earth. Also the highest point in the trajectory of a missile. 

astronautics. The art and science of flying through space or sending vehicles 
or missiles through space. 

astrophysics. A science which relates the more immediate applications of 
physics to astronomy. 

atmosphere. The body of air which surrounds the earth. 

celestial mechanics. The science that deals primarily with the effect of force 
as an agent in determining the orbital paths of celestial bodies. It is con- 
cerned largely with application of the law of gravity. 

centrifugal force. A force which is directed away from the center of rotation. 

centripetal force. A force which is directed toward the center of rotation. 

conic section. The curves generated by the intersection of a plane with a 
cone of revolution. 

ellipse. A conic section which has an eccentricity less than unity. 

gravity. The force that makes a body, if free to move, accelerate toward the 
center of the earth. 

hyperbola. A conic section made by a plane intersecting a cone of revolution 
at an angle smaller than that of a parabola. The value of its eccentricity 
is greater than one. 

mass. Mass is quantity of matter. 

momentum. The product of mass times velocity. 

parabola. A conic section made by a plane intersecting a cone parallel to an 
element of the cone. It has an eccentricity equal to unity. 

perigee. That point on the ellipse of an orbiting body which is closest to the 
earth. 

perihelion. The point closest to the sun in the orbit of any member of the 
solar system. 











revolution. The motion or the apparent motion of a body in orbit. 

rotation. The turning of a body about its axis. 

space. That which extends in all directions and has no outward bounds nor 
limits of divisibility and surrounds and encompasses all matter, as in “The 
earth travels through space as it revolves about the sun.” 

vector. An entity which has both magnitude and direction, such as a force 
or velocity. 

velocity. Speed or rate of motion in a given direction and in a given frame 
of reference. Velocity is a vector quantity. 

weight. The gravitational force or the pull exerted on a mass by the earth 
is the weight of the mass. 

work. A measurement of the product of force exerted times the distance of 
displacement. 

zenith. The point in the celestial sphere directly overhead. 


Physical Constants 


For the purpose of solving suggested problems contained in this paper, 
only approximate values for selected physical constants are given. It will be 
noted that many constants listed have been rounded off to the closest whole 
number. This is done primarily to facilitate solution of problems. 


acceleration of gravity g 980 cm/sec? 
velocity of light 3 x 10° cm/sec 
186,000 mi/sec 
gravitation G 6.67 x 10° dyne cm*/gm’ 
1068 x 10°” poundal ft’/1b? 
astronomical unit 93,000,000 miles 
earth’s radius 3964 miles (equatorial) 


3950 miles (polar) 

4000 miles (for use in 
problems suggested for 
solution in this paper) 

earth’s mass M 5.97 x 10” gms 

6.6 x 10” short tons 

13.2 x 10* lbs 


sun’s mass 1.98 x 10” gms or (332,280 x 
earth’s mass) 


moon’s mass 1/81.3 X earth’s mass 
1 light year 9.46 x 10° km 

5.878 x 10” miles 
I day 86,400 sec. 
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1 dyne 


] poundal 
1 gram—force 
1 dyne—force 
1 lb—force 
1 Ib—force 


... velocity 
1 cm/sec 
1 ft/sec 
1 mile/hr 


1 mile/min 


.+. mass 
lkg 
1 lb 
1 ton (short) 


... length 


1 foot 
1 mile 
1 mile 


1 meter 


Formulas 


distance 
acceleration 


velocity 


Newton’s second law 





= vt 
a=vu/t 
v=at 
v=gt 
F =ma 


D = distance v = velocity t = time 


a 





7.22 x 10° poundal (It is 
important that the dyne and 
poundal are understood. It 
is recommended that a 
physics textbook be reviewed 
for these units of force.) 


13,825 dynes 

980 dynes 

2.25 x 10°° lb force 
4.45 x 10° dynes 
32 poundals 


0.0328 ft/sec 
30.5 cm/sec 
44.7 cm/sec 


60 mi/hr 
88 ft/sec 


2.2 pounds 
454 gm: 
2000 Ib 


30.5 cm 
1.61 km 
5280 ft 
39.4 in 


= acceleration 


g = gravity 
m = mass F = force 
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momentum Mv =mV M and m are different masses 
centripetal force F=mv’/r r = radius of circle of rotating mass m 
kinetic energy KE = mv’/2 
potential energy PE = mgh h =height 

mass is displaced against gravity 
mass m= W/g W = weight 
work W = Fd F = force d = distance 


— 
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ANSWERS TO PROBLEMS 


(derived by slide-rule calculation) 


- exons 


r = 4900 miles This value can be determined by inspection. It can also be obtained by 
using Equation (17). 


- r=8 when the angle @ = 0 degrees 


r = 9.6 when angle @ = 90 degrees 

r = 12 when angle 6 = 180 degrees 
The cosine of 0 degrees, 90 degrees, and 180 degrees equals respectively 1, 
0, and —1. These cosine values can be obtained from any trigonometric 


table. 


. a. Eccentricity = 0.143 


b. Radius vector r = 4900 
The minor axis = 9700 miles 


. a. 19,600 dynes. 


b. 20 grams 


- 20.6 Ibs 


101,000 ft-lbs 
128 lbs 


. 4 ft from the 30-unit mass 


30 Ibs 


. a. Perihelion = 91,500,000 miles 


b. Aphelion = 94,500,000 miles 


. a. 14.2 ft/sec? 


b. 435 cm/sec? 


. 0.29 mi/sec in an easterly direction 


4.93 mi/sec 


. a. 4.64 mi/sec in an easterly direction 


b. 5.22 mi/sec in a westerly direction 

7 mi/sec 

730 ft/sec 

a. Velocity at apogee = 20,200 ft/sec 

b. Velocity at perigee = 27,200 ft/sec 

c. Velocity at top of semi-minor axis = 23,300 ft/sec 
Kinetic energy = 4.08 x 10° ft/poundal 
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